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Abstract 
The importance and capabilities of soil are often overlooked. It has an exceedingly 
complex ecosystem that is still not fully understood, but looking into soil properties can 
provide a clearer picture of what goes on below the surface. Understanding the 
influence of land covers and soil management allow for better understanding of how 
the soil ecosystem works which in return provides insight into how to create a more 
sustainable form of agriculture. Different ecosystems greatly impact soil properties. Soil 
physical properties are considered sensitive indicators of perturbation due to soil 
management practices and land covers. The four ecosystems that were investigated 
include forest and grassland as the natural ecosystems while the agricultural systems 
were conventional tillage and no-till systems. Samples were collected at two depths, 0-
6cm and 6-12cm  to measure bulk density, water holding capacity, field capacity, 
macroporosity, soil organic matter, and biomass which were all compared by land use, 
depth, and land use x depth. Aggregate distribution and aggregate soil organic matter 
were also measured and compared by land use, depth, mesh size, land use x depth, and 
land use x mesh size. After being analyzed there was a statistically significant difference 
between land use, depth, and land use x depth in bulk density, water holding capacity, 
field capacity, macroporosity, soil organic matter, and biomass. Aggregate size 
distribution was statistically different in distribution when compared by mesh size and 
land use x mesh size while aggregate soil organic matter showed a significant difference 
in all comparisons.  
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Chapter I 
Introduction 
 
Different ecosystems impact soils in different ways. Soil physical properties are 
considered sensitive indicators of perturbation due to soil management practices and 
land covers. Therefore, soil physical indicators are crucial to determine changes in soil 
quality. 
The term soil quality has been given many definitions over the years but it is primarily 
referred to as a vital tool that shows the soils capacity to respond to the interference of 
many forms of land management, so that it can maintain its ability to sustain a specific 
users needs and many of its other ecosystems capabilities (Kibblewhite, Ritz, & Swift, 
2008). One of the most difficult things associated with soil management is trying to 
strive for the best agriculture production while strengthening the ecosystem of the soil. 
Some researchers suggest that carbon transformation, nutrient cycles, soil structure 
maintenance, and the regulation of pests and diseases are the major things we need to 
maintain in the soil (Kibblewhite, Ritz, & Swift, 2008). However, the indices chosen to 
measure soil quality can vary depending on what functions the soil is expected to 
provide. The term soil quality is often thought of as how well the soil serves the purpose 
you need it for. This can cause a bit of a struggle when scientists try to define it apart 
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from the term soil health because soil quality indicators are a part of soil health 
indicators. Some people prefer the term soil health because it shows that soil is made 
up of many living organisms and tends to show it as a living thing but some prefer soil 
quality because it refers to the chemical, physical, and biological attributes of the soil 
and does not portray it as a living thing as much. People now use the terms soil health 
and soil quality interchangeably because they are so much alike (Doran, Jones, Arshad, 
& Gilley 1998). 
Soil systems can provide different functions and they can perform these functions using 
several variations of arrangements which can also determine how well these functions 
are carried out. Soil systems respond to different environmental factors that cannot be 
controlled. Also, these systems do not respond instantaneously to the inputs or changes 
being made. These changes can take weeks or even years to finally show benefits or 
reduction in quality and it is very difficult to test soil quality on a very large scale while 
being able to control all of these factors.  
Laboratories can be used too, but that still does not allow the research to be done on 
the scale size needed. If we do it outside in the soil’s natural environment it has to be 
done over a rather extensive period of time. In summary, some of the main processes 
related to soil quality are carbon transformation, nutrients, the ability of the soil to 
maintain its structure, and biological regulations of the soil. So we have found ways to 
judge the performance of these vital processes and can adjust them to help encourage 
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those processes. With this concept soil quality becomes the core of sustainability in 
agriculture (Handayani et al. 2010).  
Sustainability is referred to as the persistence and the capacity of something to continue 
for a long time by some, and others think it implies resilience and the ability to bounce 
back after unexpected difficulties. In regard to the environment, it suggests not 
damaging or degrading natural resources (Pretty, 1995).  
To continue meeting the growing demand of commodities sustainability has to become 
more than just a word. It needs to become an action. There have been very large strides 
made in the right direction of improving the sustainability of agriculture since WW-II as 
well as an increase in soil productivity due to the advances in drainage, tillage, and 
fertilizers (Schoenholtza, Miegroet, & Burger, 2000). While there have been some 
advances there has also been some negative things take place such as soil erosion, loss 
of organic matter and physical structure occurring simultaneously with the positive 
things over the last several years.  
 In the past the effects on soil quality have been viewed as acceptable because there 
have been extreme increases in crop productivity. Farmers have used their yield and the 
men and women in forestry use the amount of tree growth or wood yield to measure 
soil productivity which was assumed to be a measure of quality as well, but to truly 
measure soil quality you need more than bushels per acre (Schoenholtza, Miegroet, & 
Burger, 2000). During  the last 50 years the use of external inputs as the means to raise 
food production has dramatically increased due to the practices, and increased demand 
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of today’s society. This has caused a large growth in the amount of pesticides, inorganic 
fertilizers, and machinery being used. While this has been very beneficial for meeting 
higher demands of commodities it has hindered the natural way the environment deals 
with certain weeds, disease, and pests . This creates an issue since the main challenge of 
sustainable agriculture is to better utilize certain ecosystems’ capabilities by using 
internal resources (Pretty, 1995).   
There are different land uses and even more management practices for some of those 
land uses. Natural uses consist of but are not limited to forests and pastures. For this 
study the agricultural uses pertain to land used for row crops which can be managed 
different ways such as conventional tillage and no-till. Forest lands are important to our 
environment due to their ability to conserve soil and water, sequester carbon, and help 
with net emissions of greenhouse gases while providing a very large amount of products 
for consumers. When farmers utilize forest ground for crops and pasture, soil properties 
are changed. With time, it lessens the amount of soil organic matter and tillage can slow 
down aggregate formation and reduce porosity. Once the forest is turned into crop land, 
the soil is often heavily tilled to prepare a favorable environment for plant growth. 
There are different types of tillage that predominantly involve different depths of tillage 
and commonly consist of two main groups. Conventional tillage is the first group that 
turns the soil over and changes the soil structure. Moldboard plowing is one of the 
worst in means of soil disturbance. It was created to help with weed control and to 
loosen compacted soil. It is considered that it is one of the tillage systems that shaped 
agriculture but it is now viewed to be the reason for most of the soil degradation. 
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Conservational tillage is the next group and it is a system that reduces the amount 
tillage (Blanco-Canqui, & Lal, 2008). One of the examples is No-till farming, which allows 
for minimal soil disturbance and helps maintain soil organic matter as well as increasing 
the diversity of life in the soil (Blanco-Canqui, & Lal, 2008). It is also used to control soil 
erosion and it has helped in eliminating certain types of erosion. 
Statement of the Problem:  
Understanding soil is becoming more important to today’s society. This can be rather 
problematic due to the difficulty of accurately defining soil because of its complex 
nature and conservational anxieties (Carter, 2002). It plays a part in many ecological 
cycles such as nutrient cycling, water cycling, and carbon cycling along with many 
others. Soil provides a support system for plants by retaining and delivering nutrients to 
them. This supplies both humans and animals with food. Soil also assists in the 
detoxification of many wastes that occur naturally and those that are not. The 
transitioning from one land use to the other can have a massive effect on the 
ecosystems functioning. These ecosystems have vital roles such as providing a habitat 
for many species of plants and animals, moderating energy and water flows to the 
atmosphere to regulate climate, sequestering carbon that would otherwise be a 
greenhouse gas and maintaining the flow of freshwater into the streams. Making these 
changes is beneficial to increasing human consumption, but can inadvertently affect 
other ecosystems. However, while certain parts of the United States are converting 
forests to agricultural land to produce more food for consumption this allows other 
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parts to change their land used for agriculture back into natural forests (DeFries, Foley, 
& Asner, 2004). Looking into and understanding soils physical properties provides a 
window to view the effects these changes have on soil. 
Research Questions/Hypotheses 
H0: There will be statistical differences in soil quality indicators among forest, grassland, 
no-till, minimal tillage, and conventional tilled land use systems. 
H1: There will not be any statistical differences in soil quality indicators among forest, 
grassland, no-till, minimal tillage, and conventional tilled land use systems.  
Assumptions 
1) All the soil samples were tested the same way. 
2) Soil samples were all taken using the same technique for undisturbed and disturbed 
systems. 
3) All of the top soil samples were taken from 0-6cm and the bottom samples were 
taken from 6-12cm. 
Limitations 
1) Studies were limited to the environmental conditions of 2015 - 2016. 
2) Studies were limited to the amount of precipitation received. 
3) Studies were limited to locations soil types, texture and series. 
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Significance of the Study 
The significance of this study is to investigate the changes in selected physical and 
chemical properties of soil quality in natural and agroecosystems. The results from this 
study will allow for a better understanding of the impacts different land uses and 
management practices have on soil. By seeing these differences we see the effect that 
implementing different practices can have on encouraging the strengthening of specific 
soil characteristics. 
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Chapter 2 
Literature Review 
 
Land Use Systems 
Soil processes are affected by natural external influences, which will affect different 
processes in ecosystems and its surroundings. Natural influences that can cause these 
changes are climate, biodiversity, and geomorphology. Environmental conditions can 
greatly impact the soil degradation and soil moisture. Biodiversity is a large determinant 
of certain biological reactions. Depending on the amount of biodiversity in a particular 
ecosystem will determine the level and type of biological processes that occur 
(Dominati, Patterson, & Mackay, 2010).  
A natural forest is recognized as one of the most biologically diverse ecosystem, and is 
therefore a natural reserve of genetic diversity of flora and fauna (Blanco-Canqui, & Lal, 
2008). Natural forestlands play a vital role in the ecosystem. They conserve soil and 
water, sequester carbon, and mitigate net emissions of greenhouse gases while 
providing wood, fuel, food, fodder, medicines, and other products.  It has been 
suggested that natural forests are comparatively better than conventional tillage in 
regards to nutrient cycling and certain soil quality indices (Burton, Chen, Xu, & Ghadiri, 
2007).This is largely due to the diversity among the tree species which leads to a vast 
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amount of different litter, which in return can create variance in soil properties as well 
as the microbial community (Chandra, Gupta, Pande, & Singh, 2016). Forests also play a 
major role in moderating soil and ecosystem hydrology and water balance. Trees 
capture, absorb, store, and distribute water in the soil. Natural forests reduce soil 
erosion by creating a dense and multilevel canopy that slows down raindrops, stores 
rainwater, prevents wind erosion, regulates soil temperature, and releases water 
through seepage at non detrimental velocities. Other characteristics are forest floors 
that are covered by layers of litter as well as containing an extensive root system that 
helps deliver nutrients and lower soil bulk density (Belsky, Amundson, Duxbury, Riha, 
Ali, & Mwonga, 1989). 
The forest floor is often thought of as the forest’s most distinct characteristic. Deep tree 
roots improve the water infiltration rate and soil macroporosity, increase soil organic 
matter content, increase drainage, and reduce runoff and soil erosion rates (Blanco-
Canqui, & Lal, 2008). Forest soils are very different from cultivated soil due to the large 
diversity of organisms located in forests. While some of these organisms are located in 
soils of many other terrestrial ecosystems, they can be utilized differently in a forest. 
One of the biggest soil organisms located in a forest are tree roots. They can have very 
large root systems that can penetrate and break apart rocks. They generally have three 
morphological types: taproot, heartroot, and plate or flatroot. While roots might be the 
biggest, there are many other very important organisms that play a vital role in the 
ecosystem such as bacteria, fungi, actinomycetes, algae, protozoa, worms, birds, and 
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mammals. While all soil will have many of these organisms in them, they may be 
different types and act differently in a different atmosphere (Wilde, 1958). 
Grasslands are best known for their ability to prevent soil erosion and to increase 
diversity in soil microbial community. Jobbagy and Jackson (2000) found significant 
changes in the amount of soil organic matter among different vegetation types, which 
can be explained by the differences in root systems and above ground allocation of 
plant residue.  Grasslands can have a much higher soil organic matter levels in the top 
twenty centimeters due to their root systems. This can also vary depending on the 
diversity of the grassland which is determined by soil type and climate (Hopkins, & Holz, 
2006). The dense root systems of grasses also have an influence on water quality by 
assisting in water capture and filtration which in return helps manage soil moisture.  
Land used for agriculture takes up about 38.5% of the world’s land. A couple of the main 
characteristics of the agriculture ecosystem are the repetition of soil disturbance and 
the reduction of diversity into a small number of cultivated crops. Soil disturbance 
occurs from the preparation of the seed bed by tillage and the frequency of driving 
equipment across the land for planting, application of pesticide/fertilizer, and harvest. 
This is why developing a more sustainable system is becoming a major concern in 
today’s society (Altieri, 1999). Although this ecosystem is often relatively isolated from 
the other previously mentioned ecosystems, they can all still have large physical and 
biochemical changes that affect neighboring or even distant ecosystems (Matson, 
Parton, Power, & Swift, 1997). 
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Land Management Practices 
The most common tillage practices in Kentucky are conventional tillage and no-till. 
Conventional tillage refers to the traditional way the operators in a geographical area 
choose to till their land in preparation of the seedbed and to produce a given crop. Most 
of the time, it consists of at least a fall and spring time tillage. No-till however, means 
the soil is left undisturbed year around except from the disturbance of the coulters on 
the drill or planter which leave a narrow slot for the seed to be planted in.  
Tillage has become increasingly popular since agriculture has been around and it is now 
a vital piece of the puzzle because of its ability to lower farming costs, modify soil 
structure, and allow for earlier field operation. Tillage however gets rid of a large 
portion of the residue that covers and protects the soil. This allows winds and heavy 
rainfall to erode the soil. During the 1950’s, maximum tillage is what allowed the 
farmers to reach their maximum yields. Soil was opened in the fall to absorb moisture 
over the winter and since that left a bare surface this allowed the soil to dry quickly in 
the spring when planting was about to begin. The moldboard plow was the tool of 
choice for early farmers. It helped burry surface trash and crop residue which allowed 
insects and diseases to remain on the surface if left alone, burying of weeds, 
incorporated broadcast lime and fertilizers, and loosened soil, and allowed for 
maximum water infiltration as well as allowing the soil to heat up and dry faster when 
needed. During this time period, tillage was out of control and consisted of up to ten 
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cultivations per planting season, but it was being improved due to the dust bowl which 
occurred several years before (Throckmorton, Sprague, & Triplett, 1986).   
Soil physical properties are impacted by tillage practices. Tillage operations of certain 
depths destroy plant roots, which are very important to decreasing bulk density. Plant 
roots break through tightly compacted soil particle as well as help strengthen soil 
structure which helps resist compaction (Ess, Vaughan, & Perumpral, 1998). If there is 
an issue of compaction, it can impact the soils porosity, which in return affects the soils 
ability to hold water and air (Shukla, Lal, Owens, & Unkefer, 2003). Soil has many 
biological activities that are aerobic, which means they are dependent on air, and these 
microbial activities thrive in loosened and well aerated fields. Therefore, when the 
oxygen content in the soil drops below a certain point, crops roots can begin to shut 
down and not take up nutrients. Mechanical disturbance to soil can cause a reduction in 
both organic matter and aggregate size. Soil organic matter is largely responsible for 
forming aggregates so with the loss of organic matter and the destruction of aggregates 
tillage can cause significant weakening of the soil structure (Gupta, & Germida, 1988). 
Soil is also home to many living animals such as nematodes which are a pest to crops 
due to the fact that they feed on roots. There are also earthworms which are highly 
beneficial. Earthworms dig through the soil and loosen compaction as well as help 
decompose residue on the soil surface. Tillage can both increase and decrease the 
amount of earthworms in the soil. It increases them because it creates a habitat desired 
by earthworms but it can decrease them because it will kill some as you are dragging 
tillage tools through the soil. 
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Soil Organic Matter 
Soil organic matter is the result of above and below ground plant residues, animal and 
insect remains, and microorganisms, and all at various stages of decomposition (Wolf, 
1999). It also has a very crucial part in determining the soil’s physical, chemical, and 
biological properties as well as the primary source of energy and nutrients for many soil 
organisms (Martius, Tiessen, & Vlek, 2002). The most obvious aspect of any ecosystem is 
the above ground plant and animal communities. They are easily observed and studied 
but they couldn’t exist without the complex function of the surface and belowground 
space of the ecosystem (Tate, 1987).  
The increase or reduction of soil organic matter is directly affected by the severity and 
frequency of stresses along with the addition of crop residues, but the impact of these 
can vary with depth. Tillage is a major stress placed on soil that has an immediate 
impact on the placement of above ground residues and organic fertilizers which in 
return pushes the organic matter further down in the soil. Stresses that impact soil 
porosity can also have a massive impact on soil organic matter due to its regulatory 
abilities of air and water which help support the breakdown (Kay, & VandenBygaart, 
2002). Applications of manures, organic compost, and above and below ground residues 
are capable of increasing soil organic matter as well as soil properties (Loveland, & 
Webb, 2003).  
When natural ecosystems such as forests are cleared for crop production there is 
minimal change in organic matter at first, but after it becomes more developed the 
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organic matter declines more rapidly for a few years before reaching a new equilibrium 
depending on the cropping system. The original decline of organic matter is because of 
the drastic loss of biomass. Forest soils often have high amounts of organic matter 
because of the tree roots that decay underground and the large amounts of forest litter, 
but these are all lost when the land is converted into crop production soils (Tate, 1987). 
Soil organic matter commonly binds with soil particles to form peds that are very large 
and relatively permanent aggregates that can increase the amount of large pores. Soil 
organic matter can also increase soil moisture due to the usual increase in pore space, 
but also because of its ability to hold water in excess of its own weight. Organic matter 
forms many chelates that can keep elements such as Fe, Cu, and Zn available to the 
plants through a wide range of pH levels. Buffering capacity refers to how well the soil 
can absorb and release nutrients. This will help protect your soils from chemicals or 
other things applied to them, and soil organic matter makes a great buffering medium 
because of its high cation exchange capacity (Wolf, 1999). 
Soil Physical Properties 
Soil physical properties are often the most commonly used indices for soil quality. They 
are easily observed in a lab and can often be measured in the field.  
“Bulk density is defined as the ratio of oven-dried soil mass to its bulk volume, which 
includes the volume of particles and the pore space between the particles. It is 
dependent on the densities of the soil particles and their packing arrangement.” (Doran, 
Parkin, & Jones, 1996). Bulk density is the number one indicator for soil compaction. 
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This allows us to monitor the effect and severity of land management practices on the 
soil structure which is vital to understanding plant root growth as well as water holding 
capacity. The damage of high bulk density is often much more visible on plant 
development than the impact on soil properties (Wolkowski, & Lowery, 2008). Bulk 
density is influenced by and can affect many other soil quality indicators. A few of those 
things are porosity, organic matter, and aggregates (Arshad, & Coen, 1992). Porosity is 
decreased due to the pressures applied which cause the aggregates to merge and in 
some instances destroy them, which leads to a much more dense soil with less 
macropores. These changes impact the soil’s water holding capacity as well as arability. 
Bulk density often times increases with depth due to the lack of disturbance the deeper 
you go into the soils profile. Variation in bulk density is to be expected due to the many 
things that can cause it.  
Soil particle sizes are generally broken into three groups. The first is sand that is 
classified by particles smaller than 2mm but larger than .05mm. Silt is the middle size 
and it is particles that are smaller than .05mm but larger than .002mm. Lastly, clay is the 
smallest and it is particles that are smaller than .002mm. Sand being the larger particle 
size has the greatest porosity, which allows water and air to filter through it very 
quickly, but it has the smallest specific surface area, which means that it doesn’t hold 
moisture for very long. Clay being the smallest is the polar opposite of sand. It has the 
least porosity and the largest surface area, which allows it to absorb large amounts of 
water, but when it dries it turns into a very hard mass (Brady, & Weil, 2008).These soil 
particles form aggregates which are largely responsible for forming the soil pores 
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(Osman, 2013). Pores can be altered and created by both abiotic and biotic factors. The 
abiotic factors are tillage, traffic, freezing, and thawing while the biotic factors are root 
growth and earth worms. Each of these can lead to different pore sizes, which have 
been split into three different size classes’: macro, micro, and mesopores. Each of these 
classes have an impact on water movement, aeration, and root growth (Kay & 
VandenBvgaart, 2002). The importance of understanding porosity is becoming much 
greater as it is more frequently used to characterize soil structure since it plays such a 
large role in many soil functions (Lipec, Kus, Slowinska-Jurkiewicz, & Nosalewicz, 2006)  
Soil aggregates are “a group of primary soil particles that cohere to each other more 
strongly than to other surrounding particles.” (Nimmo, 2004, p.30). Aggregates are 
largely responsible for creating the soils structure as well as forming pores in the soil 
which are responsible for the soil’s ability to control water levels as well as the arability 
of the soil. Observing the distribution of aggregate size is vitally important in 
understanding the occurrence of erosion caused by both wind and water, tillage, and 
the effect of adding organic matter. A common way the distribution is represented is 
through using a prescribed method to break the soil into individual aggregates, and then 
measure out the aggregates at each size (Nimmo, & Perkins, 2002). Aggregates are 
typically split into two size categories which are macroaggregates (>250 µm) and 
microaggregates (<250 µm) (Gale, Cambardella, & Bailey, 2000). Microaggregates can be 
formed by natural causes such as the entanglement of roots, mycorrhizae, and chemical 
phenomena along with the destruction or instability of macroaggregates. 
Macroaggregates are generally formed from the same processes as microaggregates, 
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but can also be formed from microaggregates that adhere to one another. Aggregates 
also contain part of the soil’s organic matter. The organic matter in aggregates is often 
referred to as particulate organic matter which is small fractions of organic matter. 
Microaggregates contain a large portion of this organic matter, but it is greatly impacted 
by tillage, which disintegrates macroaggregates and forms more microaggregates 
(Elliott, & Coleman, 1988).  The particulate organic matter is part of the 
intermicroaggregates, which stabilize macroaggregates.  Therefore, the amount of 
particulate organic matter is related to the amount of aggregation. If there is enough 
disruption to the aggregates it can cause a decline in soil organic matter (Six, Elliott, 
Paustian, & Doran, 1998). 
Soil water properties are detrimental to soil fertility and are therefore a subject of 
interest to farmers. Characteristics of soil water are equally important in describing the 
availability of water to plants, predicting root growth, and predicting water movement, 
which can give an insight in soil erosion. Soil water holding capacity is a very good 
indicator of compaction and is determined largely by the soils aggregation, porosity, and 
organic matter since it provides energy, substrates, and biological activity that affect 
porosity and aggregation as well (Franzluebbers, 2002). This means that the soil’s ability 
to hold water is affected by many of the same things as bulk density. Because of this, 
there is a direct correlation between an increase in bulk density and a decrease in water 
holding capacity (Abu-Hamdeh, 2004). 
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Chapter 3 
Materials and Methods 
 
Study Sites 
Each location is represented by a web soil survey that indicates the dominant soil types 
of each location and outlines them with orange lines. The maps are explained with a 
legend that tells the soil type along with the approximate slope, erodibility, and how 
many acres there are of each. 
The forest was located, in the Kentucky Dam Village State Park in Gilbertsville, Kentucky, 
has been an undisturbed forest for at least forty years. The forest consisted of many 
types of trees, but mainly Maple, Sycamore, Pine, and Oak trees along with other 
vegetation. The forest was a very unique ecosystem compared to the others due to the 
large amount of litter on the forest floor, which is dead plant material from the  falling 
leafs and other plants. This created a spectacular habitat for many other living things 
such as insects and many bacteria. The size and amount of roots also made it a very 
unique ecosystem because of the tunnels left after roots have been damaged and died. 
This tunnel that was created allows oxygen, nutrients, and living things to travel deeper 
into the soil.  
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Both areas used to represent grassland were located in the Kentucky Dam Village State 
Park in Gilbertsville, Kentucky. The first field was surrounding the State Parks Airport. 
The airport was built in 1990, but it has not had very much traffic in those twenty five 
years.  The second field is an area that the forest was cleared from approximately 10 
years ago to make the wild life more visible.  Both fields are mowed twice a year with a 
tractor and a pull behind rotary mower. They also consists of many different grasses 
such as Foxtail/ (Setaria faberii), Switchgrass/ (Panicum virgatum L.), Eastern 
Gamagrass/ (Tripsacum dactyloides L.). The grassland offers an extreme amount of 
ground coverage which can protect the soil from erosion and many other environmental 
damages. 
There are two no-till spots that are being used in Calloway County, Kentucky. The first 
piece of ground I used has been in no-till for the last twelve years and the farmer has 
used a corn and soybean crop rotation since he has owned the ground. The second 
piece of no-till has been in no-till for the last ten years and the farmer has used a corn 
and soybean rotation predominantly with the occasional wheat crop planted. 
Lastly, I am using two pieces of ground to represent tillage. The first piece was 
conventionally tilled this year because the farmer wanted to grow tobacco. The farmer 
has it in a rotation of one year of tobacco and then corn or soybeans for the next two 
years, then tobacco is planted again. The second piece of ground has been tilled with a 
vertical tillage tool for the last five years. Vertical tillage is considered a tool for minimal 
20 
 
tillage because it only works the top few inches of soil, and has little impact on the soil 
structure. It has also been in a wheat, soybean and corn rotation for the last five years. 
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Forest located at N 36.98592 W 088.28452. 
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Grassland 1 located at N 37.00761 W 088.29407. 
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Grassland 2 located at N 37.00433 W 088.29675. 
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Conventional Tillage 1 located at N 36.72401 W 088.37669. 
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Conventional Tillage 2 located at N 36.72964 W 088.36186. 
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No-Till 1 located at N 37.00320 W 088.29707. 
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No-Till 2 located at N 36.73704 W 088.32845 
 
 
28 
 
Soil Sampling 
Forest and grassland ecosystems were supplied by Kentucky Dam Village State Resort 
Park while the conventional tillage and no-till were provided by local farmers. Four 
locations were chosen in each ecosystem based on area size with similar elevation. Once 
those locations were chosen, four samples were collected within roughly 100 meter x 
100 meter squares at two depths. Disturbed and undisturbed samples were collected to 
be analyzed. One hundred and twenty eight undisturbed samples were collected with 
the use of a metal cylinder that measured 6 cm tall with a diameter of 3 cm. The metal 
cores were then inserted into the soil by the use of a wooden block and a rubber mallet 
to collect samples from a depth of 0-6 cm internal as well as 6-12 cm internal. Soil 
samples from the depth of 6-12cm were collected by placing the core in the hole left 
from the first core and then dug out with the use of a small shovel. Once each core was 
pulled away from the surrounding soil, square pieces of cloth were placed over each end 
and held in place with the use of a rubber band to ensure no soil is lost. One hundred 
and twenty eight disturbed samples were collected at the same depth with the use of a 
shovel and a ruler to guarantee the depth. Once samples were dug from the soil, they 
were then placed into Ziploc bags and labeled so there would be no mix-up. While 
collecting soil samples, biomass samples were taken in the same locations by using a 
small rake to collect the biomass in a 61 cm x 61 cm square.              
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Soil Analysis 
Undisturbed and disturbed samples were used to measure different physical properties 
to use as soil quality indices. Bulk density, macroporosity, water holding capacity, field 
capacity, and organic matter were all measured with the undisturbed samples. 
Disturbed samples were used to measure aggregate size distribution and organic matter 
at each site. 
Undisturbed samples were weighed as soon as the samples were collected and brought 
back to the lab and then placed in a tin container that was filled with water that covered 
¾ of the core. They were left to be saturated until the exposed tops of the cores were 
moist. Once the samples were saturated they were placed on a metal cross wired rack 
to let drain for three hours after saturation, then weighed to measure macroporosity. 
After they were weighed they were then placed back on the rack and left to drain for 
another 21 hours and weighed again for the measurement of field capacity. Lastly, the 
cores were placed in an oven for 24 hours at 105˚C to rid the soil of all moisture and 
then weighed again.   
𝑀𝑎𝑐𝑟𝑜𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦(%) =
(𝑊𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 3ℎ𝑟𝑠 𝑎𝑓𝑡𝑒𝑟 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 +  𝑟𝑖𝑛𝑔 +  𝑟𝑢𝑏𝑏𝑒𝑟 +  𝑐𝑙𝑜𝑡ℎ )– (𝑂𝐷 𝑠𝑜𝑖𝑙 +  𝑟𝑖𝑛𝑔 +  𝑟𝑢𝑏𝑏𝑒𝑟 +  𝑐𝑙𝑜𝑡ℎ)
(𝑊𝑡 𝑜𝑓 𝑂𝐷 𝑠𝑜𝑖𝑙) 
𝑥100 
𝑊𝑎𝑡𝑒𝑟 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) =
(𝑊𝑡 𝑜𝑓 𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑠𝑜𝑖𝑙 + 𝑟𝑖𝑛𝑔 + 𝑟𝑢𝑏𝑏𝑒𝑟 + 𝑐𝑙𝑜𝑡ℎ) − (𝑂𝐷 𝑠𝑜𝑖𝑙 + 𝑟𝑖𝑛𝑔 + 𝑟𝑢𝑏𝑏𝑒𝑟 + 𝑐𝑙𝑜𝑡ℎ)
𝑊𝑡 𝑜𝑓 𝑂𝐷 𝑠𝑜𝑖𝑙
𝑥100 
𝐹𝑖𝑒𝑙𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) =
(𝑊𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 24ℎ𝑟𝑠 𝑎𝑓𝑡𝑒𝑟 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑟𝑖𝑛𝑔 + 𝑟𝑢𝑏𝑏𝑒𝑟 + 𝑐𝑙𝑜𝑡ℎ) − (𝑂𝐷 𝑠𝑜𝑖𝑙 + 𝑟𝑖𝑛𝑔 + 𝑟𝑢𝑏𝑏𝑒𝑟 + 𝑐𝑙𝑜𝑡ℎ)
𝑊𝑡 𝑜𝑓 𝑂𝐷 𝑠𝑜𝑖𝑙
𝑥100 
𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔/𝑐𝑚³) =
𝑊𝑡 𝑜𝑓 𝑂𝐷 𝑠𝑜𝑖𝑙
𝑉𝑜𝑙𝑢𝑚𝑒
 
Once these measurements were taken, the soil was pulled out of the core and ground 
down using a mortar and pestle. Once the soil was ground down to a satisfactory 
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amount, 10-15 grams was weighed out for each sample and placed into a tin container 
and placed into a muffle furnace for four hours at 600˚C. Using the loss on ignition 
method, soil organic matter was then measured by weighing the samples after the 
furnace and dividing them by the initial weight.  
𝑆𝑜𝑖𝑙 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑀𝑎𝑡𝑡𝑒𝑟 (%)
(𝑊𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 + 𝑡𝑖𝑛) − 𝑊𝑡 𝑜𝑓 𝑡𝑖𝑛
𝑊𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 + 𝑡𝑖𝑛 (𝑎𝑓𝑡𝑒𝑟 𝑚𝑢𝑓𝑓𝑙𝑒 𝑓𝑢𝑟𝑛𝑎𝑐𝑒) − 𝑊𝑡 𝑜𝑓 𝑡𝑖𝑛
𝑥100 
Disturbed samples were used to measure the aggregate size distribution.  Samples were 
air dried and then measured into sample sizes of roughly 200 grams and placed into a 
sieve shaker with five mesh sizes. The sizes were four millimeter, 2 millimeter, .5 
millimeter, and .250 millimeter to represent macroaggregates and a <.250 millimeter 
mesh to measure microaggregates. The content of each sieve was weighed and then 
divided by the original total weight to determine the percentage of each aggregate size. 
Once each mesh was emptied and weighed they were then split into smaller samples of 
10-15 grams to assess  soil organic matter levels in each mesh size using the loss on 
ignition method. 
Statistical Analysis 
After all of the data was collected, it was then placed into SAS where the proc glm 
procedure was used to run an ANOVA (SAS Institute, 2008). ANOVA’s are used to 
analyze the variance between groups which will reveal if there is a significant difference 
between the means of multiple independent groups. Results from SAS will indicate any 
significant difference between fields, depths, and the interaction between field and 
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depth, and in the aggregate distribution between field and mesh. The final results 
indicate that there were many significant differences in all measured properties.  
The SAS data analyses instructions were: 
proc glm;  
 class field depth rep; 
 model BD WHC MP FC UNOM UNSOC DISOM DISSOC = field depth field*depth; 
 means field depth / lsd; 
run; 
Syntax for aggregate size distribution and aggregate associated (OM) was as follows: 
proc glm;  
 class field depth mesh; 
 model AGD SOM = field depth mesh field*depth field*mesh; 
 means field depth mesh / lsd; 
run; 
Syntax to compare plant residues was as follows: 
proc glm;  
 class field rep; 
 model biomass = field; 
 means field / lsd; 
run; 
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Chapter 4 
Results 
 
The following tables show the results of undisturbed samples taken from 4 different 
land uses at 2 depths, and each of those were broken down into 4 smaller sections for 
sampling. Statistical analysis software (SAS) program with a p value of .05 was used to 
detect the significant difference between the treatments. The GLM procedure was used 
to perform an ANOVA to measure the significance between land use, depth, and land 
use x depth on certain soil properties. Tables 1 through 5 represent the results for bulk 
density, soil water holding capacity, soil water content at field capacity, macroporosity, 
and soil organic matter. Table 6 represents the results for aggregate distribution and 
table 7 shows the results for the soil organic matter in each aggregate size.  
Bulk Density  
As Table 1 shows that there was a significant impact of land use, depth and the 
interaction of land use and depth on bulk density with the p values <.0001, <.0001, and 
.0015, respectively. Figure 1 shows that the range of bulk density in grassland ranges 
from 1.44 to 1.21 g/cm³, in forest is 1.34 to .99 g/cm³, in conventional tillage is 2.24 to 
1.27 g/cm³ and lastly in no-till it is from 1.54 to 1.32 g/cm³. The highest bulk density was 
found in conventional tillage at 6-12 cm depth and the lowest was found in forest at 0-6 
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cm. The natural ecosystems average 1.22 g/cm³ compared to 1.63 g/cm³ in the 
agroecosystems. On average the bulk density was higher by .15 g/cm³ in the 6-12 cm 
when compared to the samples taken at 0-6 cm. 
Table 1. Analysis of Variance of Bulk Density  
 DF SS MS F p 
Land Use (L) 15 12.205 0.813 105.15 <.0001 
Depth (D) 1 0.621 0.621 80.29 <.0001 
L x D 15 0.319 0.021 2.75 .0015 
Error 96 0.742 0.007   
 
Figure 1. Mean and Standard Error of bulk density in grassland (GL), Forest (F), 
Conventional tilliage (CT) and No-till (NT) sites at depths of 0-6 cm and 6-12 cm.  
Soil Water Holding Capacity 
Soil water holding capacity was significantly affected by land use, depth and land use x 
depth interaction with p values of <.0001, <.0001, and .0007, respectively. The highest 
soil water holding capacity (60.5%) was found in the forest at 0-6 cm while the lowest 
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was found in the conventional tillage fields at 6-12 cm (23.2%). Soil water holding 
capacity in grassland fluctuated between 60.41% and 36.26%, and the forest is between 
60.51% and 34.19%, conventional tillage ranged from 44.09% to 23.25% and in no-till is 
39.03% to 29.91%.  Natural ecosystems have soil water holding capacity of 46.12% 
versus 31.99% at 0-6 cm depth in the agroecosystems. In general, soil water holding 
capacity was higher by 12% in samples taken at 0-6 cm depth versus 6-12 cm and 8% 
higher in natural ecosystems versus agroecosystems (Figure 2). 
Table 2. Results of ANOVA of the Difference in Soil Water Holding Capacity by Land use.  
 DF SS MS F p 
Land Use (L) 15 9534.399 635.626 21.04 <.0001 
Depth (D) 1 3183.930 3183.930 105.41 <.0001 
L x D 15 1344.958 89.664 2.97 .0007 
Error 96 2899.628 30.204   
 
 
Figure 2. Mean and Standard Error of soil water holding capacity in Grassland (GL), 
Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths of 0-6 cm and 6-12 
cm.  
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Soil Water Content at Field Capacity 
Table 3 shows there was a statistically significant difference between land use, depth 
and land use x depth on soil water content at field capacity with the p value of p<.0001, 
p<.0001, and p<.0001, repectively. Figure 3 reveals that the soil water content at field 
capacity was higher by 15% in natural ecosystems compared to agroecosystmes. The soil 
water content at field capacity was found in grassland, which averaged between 49.04% 
and 27.03%. The forest has soil water content at field capacity between 43.71% and 
25.26%, the conventional tillage has 25.61% to 17.61% and no-till has 31.16% to 23.31%. 
On average, soil samples from 0-6 cm had higher soil water content at field capacity 
than the samples from 6-12 cm.  
Table 3. Results of ANOVA of Soil Water Content at Field Capacity. 
 DF SS MS F p 
Land Use (L) 15 5412.919 360.861 35.85 <.0001 
Depth (D) 1 1875.398 1875.398 186.31 <.0001 
L x D 15 682.273 45.484 4.52 <.0001 
Error 96 966.339 10.066   
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Figure 3. Mean and Standard Error of Soil Water Content at Field Capacity in Grassland 
(GL), Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths of 0-6 cm and 
6-12 cm.  
 
Macroporosity 
Table 4 shows there was a statistically significant difference between land use, depth 
and land use x depth on macroporosity with p values of p<.0001, p<.0001, and p<.0001 
respectively. The range of macroporosity in grassland is 57.10% to 33.11%, in forest is 
38.98% to 30.51%, and in conventional tillage is 41.8% to 21.3% and in no-till is 31.14% 
to 28.06%. Grassland contained the highest macroporosity of 57.11% in 0-6 cm and 
conventional tillage held the lowest macroporosity of 21.3% at 6-12 cm (Figure 4). The 
Natural ecosystems have a macroporosity 12% higher than the agroecosystems. The 
percentage of macroporosity was higher by 9% in the 0-6 cm depth when compared to 
6-12 cm depth. 
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Table 4. Results of ANOVA of Macroporosity.  
 DF SS MS F p 
Land Use (L) 15 7586.459 505.763 23.44 <.0001 
Depth (D) 1 2680.337 2680.337 124.23 <.0001 
L x D 15 1160.890 77.392 3.59 <.0001 
Error 96 2071.232 21.575   
 
 
Figure 4. Mean and Standard Error of soil macroporosity in Grassland (GL), Forest (F), 
Conventional tillage (CT) and No-till (NT) sites at depths of 0-6 cm and 6-12 cm.  
Soil Organic Matter  
Table 5 shows there was a significant impact of land use, depth and land use x depth 
interaction on soil organic matter with p values of p<.0001, p<.0001, and p<.0025 
respectively. The range of soil organic matter in grassland is from 8.01% to 3.73%, in 
forest is from 7.39% to 3.39%, conventional tillage is from 6.97% to 3.1% and no-till it is 
from 6.4% to 4.27%. The highest soil organic matter is found in grassland (8.01%) and 
the lowest was in conventional tillage (4.1%). Soil organic matter levels were very similar 
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in both natural and agroecosystems which are about 5.42%. Soil organic matter levels 
were higher by 1.7% in the 0-6 cm depth when compared to 6-12 cm depth (Figure 5). 
 
Table 5. Results of ANOVA of Soil Organic Matter from Undisturbed Soil Samples. 
 DF SS MS F p 
Land Use (L) 15 95.732 6.382 6.09 <.0001 
Depth (D) 1 97.645 97.645 93.23 <.0001 
L x D 15 41.006 2.733 2.61 .0025 
Error 96 100.544 1.047   
 
 
Figure 5. Mean and Standard Error of Soil Organic Matter in Grassland (GL), Forest (F), 
Conventional tillage (CT) and No-till (NT) sites at depths of 0-6 cm and 6-12 cm.  
Soil Aggregate Distribution 
Table 6 shows there was no significant effects of land use and depth on the soil 
aggregates. The results show that macroaggregate amounts vary between 94.73% to 
87.01% in grassland, 88.83% to 83.04% in forest, 94.72% to 88.17% in conventional 
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tillage, and 91.83% to 82.1% in no-till. The percent of soil microaggregates in grasslands 
range from 11.87% to 4.97%, forest is 15.7% to 10.37%, and conventional tillage is from 
14.11% to 5.25% and no-till is from 16.8% to 8.26%. The highest amount of 
macroaggregates was found in the grasslands (94.73%) while the lowest found in no-till 
(82.10%) (Figure6.1 and 6.2). 
Table 6. Results of ANOVA of Soil Aggregate Size Distribution. 
 DF SS MS F p 
Land use (L) 15 12.179 .812 .04 1 
Depth (D) 1 3.825 3.825 .20 0.6539 
Aggregate 
Size (AS) 
4 102034.595 25508.649 1342.17 <.0001 
L x D 15 3.277 .219 .01 1 
L x AS 60 4472.465 74.541 3.92 <.0001 
Error 544 10339.016 19.005   
 
 
Figure 6.1. Mean and Standard Error of Aggregate Size Distribution in Grassland (GL), 
Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths of 0-6 cm. 
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Figure 6.2. Mean and Standard Error of Aggregate Size Distribution in Grassland (GL), 
Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths of 6-12 cm. 
 
Figure 6.3. Mean and Standard Error of Aggregate Size Distribution in Grassland (GL), 
Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths of 0-6 cm. 
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Figure 6.4. Mean and Standard Error of Aggregate Size Distribution in Grassland (GL), 
Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths of 6-12 cm. 
Soil Organic Matter Associated with Aggregate Size 
Table 7 shows that there was a significant effect of land use (p<.0001), depth (p<.0001), 
aggregate size (p<.0001) and the interaction of land use and depth (p<.0001) on soil 
organic matter associated with aggregate size. At the depth of 0-6 cm the organic 
matter associated with macroaggregates in grassland ranged from 37.01% to 26.65%, in 
forest is 46.26% to 28.62%, in conventional tillage is 32.41% to 20.94%, and in no-till 
32.08% to 22.79%. Organic matter associated with microaggregates is between 8.88% to 
6.24% in grassland, 10.07% to 5.85% in forest, 6.51% to 4.2% in conventional tillage and 
6.45% to 5.73% in no-till. At the depth of 6-12 cm, the percent organic matter 
associated with macroaggregates is between 36.36% and 14.07% which is lower than 
the 0-6 cm depth. The percent organic matter associated with macroaggregates at 6-12 
cm in forest contained the highest percent of 36.36% and no-till containing the lowest of 
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14.07%. Soil organic matter associated with microaggregates stayed between 8.23% and 
3.54% at the depth of 6-12 cm (Figure 7.1 and 7.2). 
Table 7. Results of ANOVA of Organic Matter Associated with Aggregate Size. 
 DF SS MS F p 
Land use (L) 15 458.491 30.566 20.44 <.0001 
Depth (D) 1 1020.534 1020.534 682.45 <.0001 
Aggregate 
Size (AS) 
4 304.044 76.011 50.83 <.0001 
L x D 15 309.226 20.615 13.79 <.0001 
L x AS 60 129.336 2.155 1.44 .0205 
Error 544 813.499 1.495   
 
 
Figure 7.1. Mean and Standard Error of Organic Matter Associated with Aggregate Size 
in Grassland (GL), Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths 
of 0-6 cm.  
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Figure 7.2. Mean and Standard Error of Organic Matter Associated with Aggregate Size 
in Grassland (GL), Forest (F), Conventional tillage (CT) and No-till (NT) sites at depths 
of 6-12 cm.  
 
 
Figure 7.3. Mean and Standard Error of Organic Matter Associated with Aggregate Size 
in Grassland (GL), Forest (F), Conventional tillage (CT) and No-till (NT) at depths of 0-6 
cm.  
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Figure 7.4. Mean and Standard Error of Organic Matter Associated with Aggregate Size 
in Grassland (GL), Forest (F), Conventional tillage (CT) and No-till (NT) at depths of 6-12 
cm. 
Results for Plant Residue  
Table 8 shows there was a statistically significant difference of plant residue among land 
uses with p value of less than 0.0001. 
Table 8. Results of ANOVA of Plant Residue. 
 DF SS MS F p 
Land use 15 151079.231 10071.949 38.47 <.0001 
Error 48 12567.848 261.83   
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Figure 8. Weight of plant residue collected from Grassland (GL), Forest (F), 
Conventional tillage (CT) and No-till (NT). 
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Chapter 5 
Discussion 
Bulk Density 
Bulk density is the number one indicator of compaction (Wolkowski, & Lowery, 2008). 
Once bulk density was analyzed, it was revealed that agroecosystems were .41 g/cm³ 
higher than the natural ecosystems. Past research has shown this to be caused by the 
large amounts of heavy traffic these soils experience. Stresses of the traffic can lead to 
the destruction of soil structure and, thus, a higher bulk density (Horn, Way, & Rostek, 
2003).  Certain conventional tillage ecosystems showed drastically higher bulk density 
than any other field with an average of about 2.1 g/cm³ at both depths. This value is 
uncommon because the common bulk density values in Kentucky are 1.1- 1.6 g/cm³ 
(Hollinger, 1995). The soil is predominantly Calloway-Kurk complex and Grenada silt 
loam, which is moderate to poorly drained soil. Those locations were also used in a 
tobacco, corn, and soybean rotation with the samples being taken after the tobacco 
crop. Tillage operation of certain depths can destroy plant roots, which can greatly 
decrease soil structure. The loss of root systems can leave soils more susceptible to 
higher bulk density (Ess, Vaughan, & Perumpral, 1998).  No-tillage ecosystems were the 
next highest with an average of around 1.5 g/cm³. The soil is primarily Grenada silt loam, 
which has moderate draining capabilities, and has been in a long term no-till 
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management practice with a corn and soybeans rotation. No-till systems sometimes go 
through build-up periods of organic matter and structural stability. During this time, the 
no-till systems show an increase in bulk density and then decrease and reach a 
satisfactory equilibrium (Lampurlanes, & Cantero-Martinez, 2003).  There is a .33 g/cm³ 
difference in conventional tillage when compared no-till systems on bulk densities. As 
expected, the natural ecosystems had little difference between them but averaged a 
lower bulk density. At the depth of 0-6 cm the average bulk density is 1.35 g/cm³ and at 
the depth of 6-12 cm the average bulk density is 1.49 g/cm³. Bulk density averaged 
higher levels with the bottom samples whereas the agroecosystem revealed mixed 
results.  These results are believed to be from the large amounts of soil organic matter 
that was found in the top samples of the natural ecosystems. Organic matter is known 
to have a positive impact on many physical properties (Martius, Tiessen, &Vlek, 2002). 
Water Holding Capacity 
Shukla, Lal, Owens and Unkefer (2003) reported that the soil’s ability to hold water is 
largely influenced by soil porosity and structure. Thus, anything that alters either of 
those things can change the soil’s ability to hold water. Our results show that water 
holding capacity closely reflected the results from bulk density, which indicates a lack of 
pore space; this in turn results in less water holding capacity. The current study revealed 
that the average soil water holding capacity in natural ecosystems are higher (46.12%) 
when compared to agroecosystems (31.99%). Conventional tillage systems soil water 
holding capacity averaged 10% lower than any other fields. Certain grassland and forest 
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locations showed increased water holding capacity with no significant difference 
between them. Conventional tillage represents the lowest soil water holding capacity 
(23.24%) at 0-6 cm. Natural ecosystems tend to provide a strong soil structure which 
results in an increase in water holding capacity. Agroecosystems often undergo more 
frequent disturbances to the soil which in return negatively affects their hydrologic 
properties (Zhou, Lin & White, 2008). Certain conventional tillage system fields showed 
no significant difference in soil water holding capacity in 0-12 cm depth, all the other 
fields showed an elevated water holding capacity of 10% at the 0-6 cm depth when 
compared to 6-12cm. This study shows that fields with high percent of organic matter 
also show increased soil water holding capacity. These findings coincide with the 
findings of Hudson (1994) who found that higher levels of organic matter lead to an 
increase in water holding capacity in soil. 
Macroporosity 
High macroporosity in soil is a good representation of strong soil structure and suggests 
a presence of larger aggregates and lower bulk density (Arshad, & Coen, 1992). 
Macrospores are the soil’s main storage area for water. This explains why the soils with 
higher water holding capacity and field capacities also have a greater amount of 
macropores. Past studies have shown native grasslands contain larger amount of 
macropores when compared to land under conventional and no-till practices 
(Bodhinayake, Si, & Vanderkamp). In this study, grassland represents the highest 
percentage of macroporosity of 57.1% at 0-6 cm while conventional tillage systems 
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represent the lowest (21.3%), which went against the theory that conventional tillage 
has a positive influence on macroporosity compared to no-till practices (Shipitalo, & 
Protz, 1987). There was a 9% difference between depths with 0-6 cm averaging 40.8% 
and 6-12 cm averaging 31.7%. Past studies have found that above ground growth and 
mechanical disturbance over time can cause a change in pore size distribution at 
different depths (Kay, & VandenBygaart, 2002). 
Soil Organic Matter 
Soil organic matter is the result of decaying above and below ground plant residues and 
animal and insect remains (Wolf, 1999). Native grasslands and forests are expected to 
have higher organic matter and even corrective capabilities for agroecosystems with low 
organic matter (Del Galdo, Six, Peressotti, & Francesesca Cotrufo, 2003). In the current 
study, a significant difference in soil organic matter was evident with higher (6.29%) 
concentrations in 0-6 cm depth when compared to the 6-12 cm (4.55%).  Grassland has 
1% higher soil organic matter compared to the other fields at the depth of 0-6cm. At the 
depth of 6-12cm depth, grassland and conventional tillage systems have the highest 
percent soil organic matter of 6.3%. Tillage practices are known to have an effect in 
vertical distribution of organic matter. Past studies have shown that no-till fields contain 
a significantly less amount of soil organic matter than conventionally tilled land at 5-
15cm depth (Needelman, Wander, Bollero, Boast, Sims, & Bullock, 1999). Natural 
ecosystems had a 2% difference in soil organic matter at the depth of 0-6 cm versus 6-
12 cm, while agroecosystems had a 1% difference in soil organic matter. 
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Aggregate Size Distribution 
Soil aggregates are vital to maintaining soil structure and providing pores for the 
retention of water and oxygen. To provide a clear picture of the findings a 
macro:microaggregate ratio was used. A larger ratio indicates a stronger ability to resist 
land surface erosion and to maintain productivity (Pinheiro, Pereira, & Anjos, 2004). 
Macroaggregates are classified as any group of soil particles larger than .25 mm in 
diameter, and anything smaller than that is a microaggregate (Cambardella, Garcia, 
Isenhart, Marquez, & Schultz, 2004). The macro:microaggregate ratio was higher in all 
land uses in 6-12 cm depth than in 0-6 cm depth. When comparing 
macro:microaggregate ratios, the results for 0-6 cm depths are Grassland>Conventional 
tillage>No-till>Forest, and results for 6-12 cm are Conventional tillage>Grassland>No-
till>Forest. Soil samples at the depth of 6-12 cm had a significantly higher of 
macroaggregates compared to 0-6 cm depths, which coincide with the findings of 
Whalen and Chang (2002).  
Soil Organic Matter Associated with Aggregate size 
Soil organic matter associated with macroaggregate was shown to be higher by 6% in 
natural ecosystems then agroecosystems at the depth of 0-6 cm. However, at the depth 
of 6-12 cm the difference narrows to 1% soil organic matter associated with 
macroaggregates. Gupta and Germida (1988) suggested that mechanical disturbance of 
soil can cause a decrease in soil organic matter in all aggregate sizes. However, the 
overturning of the soil can cover crop residues and therefore create zones of higher 
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organic matter deeper in the soil. The majority of the organic matter was confined to 
the smaller macroaggregates between 0.5 mm and 0.25 mm. Macroaggregates contain 
large amounts of predominantly young organic matter that is very beneficial but adds 
minimal cohesion which leaves the aggregate less stable. Once the aggregates are 
broken down to a smaller macroaggregate, it starts to consist of larger amounts of old 
organic matter as well as the young. This creates a more stable aggregate that contains 
larger amount of organic matter (Puget, Chenu, & Balesdent, 1995 ; Chenu, Le 
Bissonnais, & Arrouays 2000). 
Plant Residue 
The highest plant residue was found in conventional tillage systems. In the 
agroecosystem the highest amount of plant residue was in fields conventional tillage 
system A, conventional tillage system B, no-till system A and no-till system B were all 
following a soybean crop while the other agroecosystem fields were in corn. 
Conventional fields were sampled directly after harvest and had not experienced any 
form of tillage, which is why the biomass results are so large. Prior studies have shown 
that above ground plant material as well as root derived material can have a large effect 
on soil structural properties (Katterer, Bolinder, Andren, Kirchmann, & Menichetti, 
2011). 
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Chapter 6 
Conclusions 
For the purpose of this study bulk density, water holding capacity (WHC), field capacity 
(FC), macroporosity (MP), soil organic matter (SOM), aggregate size distribution (ASD) 
and aggregate associated organic matter (AOM) amounts were used as measures of soil 
quality. Those indices of soil quality were used to compare the differences between 
natural and agroecosystems. The results of this study revealed: 
 Agroecosystems had bulk density higher (1.63 g/cm³) than natural ecosystems 
(1.22 g/cm³). 
 Bulk density at the depth of 0-6 cm was lower than at the depth of 6-12 cm with 
the values of 1.35 g/cm³ and 1.49 g/cm³ 
 Conventional tillage systems have higher bulk density (1.79 g/cm³) then no-till 
systems higher (1.46 g/cm³). 
 Soil water holding capacity was 15% higher in natural ecosystems compare to 
agroecosystems. 
 Grassland at the depth of 0-6 cm had soil water holding capacity of 60.4% being 
the highest  
 Conventional tillage contained the lowest soil water holding capacity of 23.24% 
at 0-6 cm depth. 
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 Soil water holding capacity was 10% higher at the depth of 0-6 cm when 
compared to 6-12 cm depth. 
 Soil Water Content at Field Capacity averaged 35.01% in natural ecosystems and 
25.41% in agroecosystems. 
 Grassland had the highest soil water content at field capacity of 49.03% at the 
depth of 0-6 cm depth.   
 Conventional tillage contained the lowest soil water content at field capacity of 
18.22% at 0-6 cm depth. 
 Soil water content at field capacity 8% higher at the depth of 0-6cm depth 
compared to 6-12 cm depth. 
 Macroporosity averaged 12% higher in natural ecosystems when compared to 
agroecosystems. 
 Grassland had the highest soil water content at field capacity of 57.11% at the 
depth of 0-6 cm depth. 
 Conventional tillage contained the lowest soil water content at field capacity 
(21.31%) at 0-6 cm depths. 
 Macroporosity at the depth of 0-6 cm was 40.89% and 31.73% at the 6-12 cm 
depth. 
 Grassland had the highest soil organic matter of 8.01% at 0-6 cm depth. 
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 Conventional tillage system had the lowest soil organic matter content (4.11%) 
at 0-6 cm depths. 
 Soil organic matter at 0-6 cm depth was 1.7% higher than at 6-12 cm depths. 
 Natural ecosystems had a 2% decrease in soil organic matter between 0-6 cm 
and 6-12 cm. 
 Agroecosystems only had a 1% decrease in soil organic matter between 0-6 cm 
and 6-12 cm. 
 Grassland contained the largest macro:microaggregates ratio while the forest 
contained the smallest. 
 Soil’s at 6-12 cm depths while not significant contained lager amounts of 
macroaggregates and fewer  microaggregates. 
 Soil organic matter associated with macroaggregates is higher by 6% in natural 
ecosystems when compared to agroecosystems at a 0-6 cm depth and only 1% 
difference at 6-12 cm. 
 Macroaggregates contained 20% more organic matter then microaggregates. 
 Macroaggregates in natural ecosystems contained 27.81% aggregate associated 
organic matter where agroecosystems had only 23.66%. 
 Microaggregates in natural ecosystems contained 6.38% aggregate associated 
organic matter where agroecosystems had 5.18%. 
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Recommendations 
Overall the research indicated that multiple soil properties are affected by land use and 
land management. In any research however, there is always room for improvement. In 
this research the addition of soil organic matter from the below ground plant residue 
was not measured. However, the results from soil organic matter and above ground 
plant residue suggest that below ground mass had a larger impact on soil organic matter 
(Bottner, Pansu, & Sallih, 1999). As a result, additional research is required to further 
the understanding of an increase to organic matter levels from above and below ground 
plant residues.  
This study included very interesting bulk density results from two conventional fields 
that were used to grow tobacco. Tobacco requires large amounts of traffic both 
mechanical and human. Research from Raper (2005) shows that increased mechanical 
traffic has been proven to be the cause of some serious compaction issues. Further 
investigation is required to accurately determine the effects of tobacco and increased 
traffic on soil compaction. 
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Appendix  
Bulk Density 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis 
Land type Depth n M SD Min Max 
GLA 1 4 1.255 .098 1.113 1.335 
 2 4 1.441 .121 1.335 1.615 
GLB 1 4 1.112 .089 1.025 1.194 
 2 4 1.405 .040 1.362 1.455 
GLC 1 4 1.067 .017 1.042 1.081 
 2 4 1.214 .047 1.185 1.284 
GLD 1 4 1.089 .124 .969 1.262 
 2 4 1.337 .068 1.239 1.384 
FA 1 4 1.161 .157 .943 1.296 
 2 4 1.343 .108 1.191 1.439 
FB 1 4 1.190 .136 1.015 1.344 
 2 4 1.341 .070 1.269 1.411 
FC 1 4 1.094 .113 .952 1.210 
 2 4 1.284 .152 1.105 1.456 
FD 1 4 .993 .106 .886 1.119 
 2 4 1.192 .097 1.095 1.295 
CTA 1 4 2.160 .088 2.061 2.252 
 2 4 2.124 .052 2.077 2.178 
CTB 1 4 2.173 .056 2.103 2.235 
 2 4 2.244 .059 2.157 2.287 
CTC 1 4 1.275 .063 1.195 1.349 
 2 4 1.510 .027 1.486 1.538 
CTD 1 4 1.359 .055 1.298 1.429 
 2 4 1.488 .040 1.438 1.523 
NTA 1 4 1.547 .037 1.500 1.589 
 2 4 1.479 .118 1.327 1.615 
NTB 1 4 1.523 .034 1.475 1.551 
 2 4 1.505 .135 1.317 1.624 
NTC 1 4 1.342 .048 1.292 1.406 
 2 4 1.500 .054 1.454 1.577 
NTD 1 4 1.325 .083 1.223 1.426 
 2 4 1.489 .041 1.449 1.542 
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Water Holding Capacity 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis of WHC (%) 
Land type Depth n M SD Min Max 
GLA 1 4 46.238 5.989 41.082 54.893 
 2 4 35.262 5.244 27.804 39.515 
GLB 1 4 58.118 6.956 50.167 64.472 
 2 4 35.478 3.402 31.705 38.838 
GLC 1 4 58.301 2.496 55.922 61.592 
 2 4 45.686 4.364 39.717 49.309 
GLD 1 4 60.409 8.686 49.227 70.388 
 2 4 42.736 5.943 39.325 51.631 
FA 1 4 50.169 14.552 40.050 71.069 
 2 4 34.624 5.752 29.832 42.236 
FB 1 4 44.487 9.695 36.047 58.298 
 2 4 34.190 4.417 29.091 37.901 
FC 1 4 49.958 7.933 42.914 60.827 
 2 4 39.014 8.306 28.528 48.088 
FD 1 4 60.506 9.828 48.920 68.683 
 2 4 42.735 5.963 37.237 48.844 
CTA 1 4 22.961 .845 22.053 24.098 
 2 4 23.247 1.462 21.137 24.363 
CTB 1 4 24.132 2.407 20.893 26.415 
 2 4 23.215 2.819 20.505 26.892 
CTC 1 4 44.095 4.291 38.760 49.174 
 2 4 30.263 1.259 29.576 32.148 
CTD 1 4 37.395 2.853 33.700 40.644 
 2 4 30.706 1.124 29.909 32.347 
NTA 1 4 39.026 2.019 37.017 41.635 
 2 4 32.923 1.365 31.929 34.896 
NTB 1 4 33.764 1.413 32.152 35.028 
 2 4 34.003 2.128 31.467 36.650 
NTC 1 4 36.997 1.222 35.522 38.125 
 2 4 31.099 2.435 29.076 34.377 
NTD 1 4 38.134 3.207 34.561 41.771 
 2 4 29.911 2.933 25.627 31.894 
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Field Capacity 
 
 
 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis of Field Capacity 
Land type Depth n M SD Min Max 
GLA 1 4 34.704 3.864 31.795 40.181 
 2 4 27.039 3.245 22.583 30.297 
GLB 1 4 46.493 3.480 42.292 50.352 
 2 4 29.374 1.902 27.059 31.483 
GLC 1 4 44.468 1.916 42.560 46.976 
 2 4 33.026 1.447 31.298 34.419 
GLD 1 4 49.036 3.973 43.176 51.862 
 2 4 35.646 4.946 32.307 43.001 
FA 1 4 36.067 9.001 31.291 49.561 
 2 4 26.025 2.990 23.051 29.318 
FB 1 4 33.493 5.217 27.192 39.932 
 2 4 25.261 1.746 23.201 27.472 
FC 1 4 36.007 2.036 33.378 37.709 
 2 4 28.398 4.351 23.781 32.911 
FD 1 4 43.710 5.995 37.697 51.172 
 2 4 31.524 2.481 28.641 33.807 
CTA 1 4 18.217 .902 17.539 19.466 
 2 4 18.686 1.501 16.446 19.647 
CTB 1 4 18.355 1.845 16.322 20.379 
 2 4 17.613 1.963 15.588 19.563 
CTC 1 4 35.521 3.253 31.379 39.308 
 2 4 25.611 1.273 24.662 27.463 
CTD 1 4 30.661 2.255 27.431 32.358 
 2 4 24.848 1.385 23.110 26.496 
NTA 1 4 31.165 1.612 29.207 32.652 
 2 4 26.097 .872 24.864 26.743 
NTB 1 4 26.269 1.229 24.737 27.423 
 2 4 25.165 2.331 22.958 28.245 
NTC 1 4 29.751 1.136 28.939 31.421 
 2 4 24.510 1.400 22.712 26.107 
NTD 1 4 30.712 2.049 28.197 32.428 
 2 4 23.319 1.494 21.262 24.663 
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Macroporosity 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis of Macroporosity 
Land type Depth n M SD Min Max 
GLA 1 4 41.885 5.681 37.056 50.062 
 2 4 33.112 5.112 25.836 37.322 
GLB 1 4 54.940 6.604 47.661 61.438 
 2 4 33.277 3.105 29.813 36.730 
GLC 1 4 54.275 2.177 51.814 56.928 
 2 4 42.100 3.916 37.339 46.902 
GLD 1 4 57.108 7.386 47.146 64.969 
 2 4 40.354 5.723 36.985 48.918 
FA 1 4 43.890 11.041 36.563 60.056 
 2 4 30.517 3.745 27.200 35.222 
FB 1 4 40.867 8.612 32.961 53.085 
 2 4 31.168 2.999 27.814 33.969 
FC 1 4 45.021 5.512 38.841 51.984 
 2 4 35.648 7.377 26.753 44.062 
FD 1 4 54.737 8.362 45.322 63.041 
 2 4 38.989 4.065 35.078 43.027 
CTA 1 4 22.726 2.016 20.858 25.234 
 2 4 23.628 2.030 20.695 25.347 
CTB 1 4 22.762 2.390 20.651 25.443 
 2 4 21.301 2.447 18.177 23.683 
CTC 1 4 41.804 4.146 36.903 46.976 
 2 4 28.915 1.083 27.818 30.209 
CTD 1 4 35.676 2.780 31.933 38.653 
 2 4 28.837 1.203 27.928 30.591 
NTA 1 4 37.004 1.487 35.689 39.013 
 2 4 31.146 1.705 29.226 33.093 
NTB 1 4 31.55 .878 30.628 32.274 
 2 4 31.670 2.197 29.829 34.550 
NTC 1 4 34.339 1.173 33.129 35.417 
 2 4 29.024 2.463 26.942 32.431 
NTD 1 4 35.698 2.860 32.875 38.778 
 2 4 28.068 2.668 24.265 30.193 
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Undisturbed Soil Organic Matter 
 
 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis of Undisturbed (SOM) 
Land type Depth n M SD Min Max 
GLA 1 4 8.010 1.467 6.732 9.478 
 2 4 6.334 .727 5.609 7.299 
GLB 1 4 7.936 1.181 7.130 9.669 
 2 4 3.924 .361 3.550 4.409 
GLC 1 4 5.694 .520 4.954 6.067 
 2 4 3.969 .756 2.963 4.789 
GLD 1 4 5.869 .726 4.882 6.632 
 2 4 3.739 .806 2.850 4.790 
FA 1 4 7.133 2.840 4.762 11.240 
 2 4 3.768 .916 2.415 4.425 
FB 1 4 4.769 .728 3.873 5.592 
 2 4 3.392 .666 2.575 4.165 
FC 1 4 6.360 1.528 4.256 7.917 
 2 4 3.782 1.117 2.921 5.321 
FD 1 4 7.393 1.882 5.106 9.495 
 2 4 4.725 .529 4.095 5.240 
CTA 1 4 6.174 .827 5.358 7.185 
 2 4 6.451 .133 6.328 6.638 
CTB 1 4 6.971 .181 6.737 7.156 
 2 4 5.543 .738 4.902 6.401 
CTC 1 4 5.630 .951 4.845 7.000 
 2 4 3.922 .125 3.825 4.101 
CTD 1 4 4.114 .390 3.640 4.452 
 2 4 3.103 .258 2.914 3.468 
NTA 1 4 6.408 .386 5.862 6.694 
 2 4 5.292 1.207 4.189 6.913 
NTB 1 4 5.563 .488 5.119 6.146 
 2 4 6.179 1.065 5.337 7.698 
NTC 1 4 6.446 .554 5.640 6.902 
 2 4 4.271 .446 3.658 4.675 
NTD 1 4 6.308 1.642 3.851 7.238 
 2 4 4.433 1.186 2.898 5.711 
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Plant Residue 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis for Biomass 
Land type Depth n M SD Min Max 
GLA 1 4 69.450 6.652 60.250 75.490 
GLB 1 4 91.055 7.289 84.650 100.680 
GLC 1 4 85.685 16.910 68.150 101.720 
GLC 1 4 101.298 7.229 92.850 110.370 
FA 1 4 130.070 15.200 110.760 145.250 
FB 1 4 190.473 9.255 179.250 200.640 
FC 1 4 199.463 10.561 187.430 210.750 
FD 1 4 202.538 8.300 194.650 214.140 
CTA 1 4 212.123 22.709 195.740 245.560 
CTB 1 4 199.140 9.451 187.390 209.140 
CTC 1 4 121.020 17.026 108.790 145.230 
CTD 1 4 110.868 4.756 106.150 115.720 
NTA 1 4 197.390 14.700 176.350 209.170 
NTB 1 4 201.240 4.305 195.310 204.920 
NTC 1 4 128.170 35.108 105.680 180.460 
NTD 1 4 140.670 29.527 106.370 176.320 
 
 
 
Aggregate Distribution 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis for Aggregate Distribution 
Land type Depth n MS M SD Min Max 
GLA 1 4 >5 38.941 3.473 33.740 40.917 
 1 4 6-10 28.486 4.416 23.693 34.200 
 1 4 11-35 25.566 1.821 23.295 27.680 
 1 4 36-60 1.744 .755 1.199 2.858 
 1 4 <60 4.977 2.753 2.902 9.012 
 2 4 >5 46.693 3.477 43.236 51.521 
 2 4 6-10 25.176 2.765 22.041 28.706 
 2 4 11-35 23.506 1.063 21.997 24.481 
 2 4 36-60 1.216 .199 1.038 1.491 
 2 4 <60 3.241 .213 2.962 3.441 
GLB 1 4 >5 39.088 6.544 33.536 48.469 
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 1 4 6-10 24.769 5.418 20.071 32.507 
 1 4 11-35 26.698 5.229 19.660 32.284 
 1 4 36-60 1.936 1.217 .746 3.234 
 1 4 <60 5.313 2.622 3.142 8.921 
 2 4 >5 34.659 3.583 31.832 39.881 
 2 4 6-10 28.912 1.099 27.632 29.958 
 2 4 11-35 29.342 3.819 23.742 32.051 
 2 4 36-60 1.664 .329 1.295 2.092 
 2 4 <60 4.861 1.154 3.475 6.107 
GLC 1 4 >5 35.402 6.233 28.529 42.916 
 1 4 6-10 19.016 1.669 17.153 20.833 
 1 4 11-35 28.524 4.619 24.618 33.702 
 1 4 36-60 4.091 .425 3.624 4.649 
 1 4 <60 11.874 3.745 8.411 17.114 
 2 4 >5 32.579 4.522 26.594 37.367 
 2 4 6-10 19.843 5.267 14.327 25.497 
 2 4 11-35 30.426 .875 29.420 31.176 
 2 4 36-60 4.091 1.231 2.670 5.530 
 2 4 <60 12.598 4.463 6.286 16.291 
GLD 1 4 >5 30.042 7.320 19.808 36.666 
 1 4 6-10 20.204 2.094 17.666 21.973 
 1 4 11-35 31.883 3.526 27.144 34.597 
 1 4 36-60 4.882 .867 4.406 6.180 
 1 4 <60 12.576 3.652 8.596 17.174 
 2 4 >5 40.482 2.183 38.468 42.613 
 2 4 6-10 21.666 2.084 19.866 24.497 
 2 4 11-35 28.000 1.296 26.392 29.428 
 2 4 36-60 2.434 .603 1.924 3.309 
 2 4 <60 7.175 1.143 5.828 8.541 
FA 1 4 >5 29.257 8.538 16.648 34.975 
 1 4 6-10 20.502 2.733 17.592 23.011 
 1 4 11-35 27.650 3.858 24.871 33.190 
 1 4 36-60 5.640 2.373 3.500 8.347 
 1 4 <60 15.702 5.521 11.888 23.900 
 2 4 >5 42.924 14.618 28.098 56.953 
 2 4 6-10 19.784 1.357 18.182 21.050 
 2 4 11-35 20.604 5.716 14.223 27.579 
 2 4 36-60 2.901 1.849 1.280 5.328 
 2 4 <60 13.443 7.782 4.616 20.241 
FB 1 4 >5 38.091 10.125 28.381 52.080 
 1 4 6-10 23.268 1.662 21.282 25.276 
 1 4 11-35 22.752 7.839 15.966 30.886 
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 1 4 36-60 2.720 1.262 1.105 4.185 
 1 4 <60 10.373 2.901 6.702 13.334 
 2 4 >5 39.542 6.048 31.782 44.693 
 2 4 6-10 25.454 2.841 21.967 28.123 
 2 4 11-35 24.581 3.551 21.185 29.462 
 2 4 36-60 2.085 1.496 .958 4.290 
 2 4 <60 8.239 3.003 5.745 12.406 
FC 1 4 >5 35.512 10.671 26.197 47.975 
 1 4 6-10 22.237 1.893 20.228 24.516 
 1 4 11-35 27.178 5.188 21.347 32.369 
 1 4 36-60 3.903 1.942 1.470 5.737 
 1 4 <60 10.782 5.191 4.046 16.419 
 2 4 >5 41.744 13.473 25.715 55.126 
 2 4 6-10 24.197 1.390 22.236 25.442 
 2 4 11-35 23.413 7.432 16.335 30.660 
 2 4 36-60 2.511 1.904 .789 5.007 
 2 4 <60 8.010 5.801 2.869 16.332 
FD 1 4 >5 33.176 10.045 24.067 43.556 
 1 4 6-10 20.697 2.403 18.359 24.045 
 1 4 11-35 27.020 4.973 22.393 32.522 
 1 4 36-60 4.499 1.732 2.984 6.051 
 1 4 <60 14.118 4.455 9.701 18.661 
 2 4 >5 39.418 10.057 25.582 47.297 
 2 4 6-10 23.868 1.188 23.082 25.636 
 2 4 11-35 24.192 5.188 18.929 31.075 
 2 4 36-60 2.988 1.372 1.535 4.829 
 2 4 <60 9.204 4.809 3.733 15.211 
CTA 1 4 >5 38.953 8.105 32.262 50.359 
 1 4 6-10 22.725 .908 21.856 23.748 
 1 4 11-35 23.638 4.879 16.667 27.783 
 1 4 36-60 2.857 1.097 1.506 3.855 
 1 4 <60 11.120 2.584 7.312 13.059 
 2 4 >5 35.343 5.589 30.032 42.646 
 2 4 6-10 26.473 1.002 25.265 27.421 
 2 4 11-35 28.739 4.345 23.230 33.684 
 2 4 36-60 2.049 .784 1.340 3.130 
 2 4 <60 7.166 .884 6.347 8.245 
CTB 1 4 >5 42.006 3.600 36.943 45.451 
 1 4 6-10 23.431 2.393 21.345 26.263 
 1 4 11-35 20.885 3.246 17.697 24.241 
 1 4 36-60 2.137 1.092 1.248 3.577 
 1 4 <60 11.328 3.150 8.116 14.285 
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 2 4 >5 39.229 5.012 34.164 46.024 
 2 4 6-10 25.551 3.481 21.767 29.317 
 2 4 11-35 22.469 3.291 17.551 24.494 
 2 4 36-60 1.937 1.048 .666 3.172 
 2 4 <60 10.493 4.319 6.188 16.478 
CTC 1 4 >5 46.214 1.528 44.085 47.603 
 1 4 6-10 21.828 2.502 19.646 24.563 
 1 4 11-35 24.681 .994 23.268 25.512 
 1 4 36-60 2.000 .261 1.733 2.294 
 1 4 <60 5.255 .787 4.074 5.657 
 2 4 >5 46.160 5.590 40.983 53.386 
 2 4 6-10 24.940 2.373 22.528 27.090 
 2 4 11-35 24.818 3.426 21.547 28.030 
 2 4 36-60 1.321 .756 .741 2.413 
 2 4 <60 3.019 1.085 1.590 4.086 
CTD 1 4 >5 40.287 2.914 36.059 42.727 
 1 4 6-10 21.435 2.035 19.752 24.274 
 1 4 11-35 25.365 1.292 24.012 27.051 
 1 4 36-60 2.987 .848 2.139 4.072 
 1 4 <60 10.392 1.738 8.600 12.593 
 2 4 >5 44.507 1.603 42.604 46.504 
 2 4 6-10 26.124 1.927 23.956 27.943 
 2 4 11-35 24.831 1.850 23.246 26.819 
 2 4 36-60 1.117 .214 .885 1.307 
 2 4 <60 4.884 .869 3.968 5.732 
NTA 1 4 >5 28.535 4.105 24.302 34.097 
 1 4 6-10 21.499 2.570 19.008 24.904 
 1 4 11-35 27.223 1.446 25.113 28.337 
 1 4 36-60 4.850 1.142 3.774 6.446 
 1 4 <60 16.804 2.816 13.398 20.239 
 2 4 >5 33.858 11.097 18.981 45.609 
 2 4 6-10 21.486 1.485 19.261 22.317 
 2 4 11-35 29.896 7.416 21.418 39.511 
 2 4 36-60 3.224 2.229 1.591 6.507 
 2 4 <60 10.897 3.046 8.279 15.033 
NTB 1 4 >5 37.221 4.061 33.170 42.423 
 1 4 6-10 22.401 .525 21.907 22.920 
 1 4 11-35 23.312 2.866 19.316 25.592 
 1 4 36-60 3.104 .379 2.875 3.668 
 1 4 <60 12.020 2.602 9.724 15.611 
 2 4 >5 39.052 6.394 34.351 48.496 
 2 4 6-10 25.870 .514 25.209 26.318 
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 2 4 11-35 25.132 4.441 18.485 27.624 
 2 4 36-60 2.349 1.357 .787 4.074 
 2 4 <60 7.064 1.475 5.185 8.720 
NTC 1 4 >5 39.355 2.368 35.910 41.090 
 1 4 6-10 24.514 2.250 22.185 27.510 
 1 4 11-35 25.751 2.422 22.858 28.117 
 1 4 36-60 2.216 .603 1.401 2.731 
 1 4 <60 8.263 .687 7.667 9.230 
 2 4 >5 42.006 5.279 37.280 48.246 
 2 4 6-10 29.233 3.093 26.187 33.149 
 2 4 11-35 24.001 5.280 16.988 28.402 
 2 4 36-60 1.320 .706 .571 2.025 
 2 4 <60 5.097 .907 4.016 6.084 
NTD 1 4 >5 34.873 5.932 27.235 40.929 
 1 4 6-10 28.021 1.403 26.109 29.321 
 1 4 11-35 26.058 4.023 21.068 29.726 
 1 4 36-60 2.527 .997 1.524 3.690 
 1 4 <60 8.462 2.567 6.940 12.278 
 2 4 >5 35.794 3.355 30.820 38.086 
 2 4 6-10 30.449 .904 29.854 31.789 
 2 4 11-35 28.051 2.608 25.844 31.445 
 2 4 36-60 1.600 .559 .971 2.331 
 2 4 <60 4.769 1.283 3.201 6.137 
 
 
 
Aggregate Soil Organic Matter 
Table 1 
Descriptive Analysis of Variables Used within ANOVA Analysis for Aggregate (SOM) 
Land type Depth n MS M SD Min Max 
GLA 1 4 >5 7.715 0.310 7.106 8.587 
 1 4 6-10 8.711 0.590 7.459 10.461 
 1 4 11-35 9.202 0.810 7.567 11.548 
 1 4 36-60 11.383 1.293 9.496 12.831 
 1 4 <60 8.886 1.001 7.402 9.879 
 2 4 >5 6.180 0.360 5.902 6.703 
 2 4 6-10 6.398 0.272 6.136 6.697 
 2 4 11-35 6.449 0.290 6.266 6.877 
 2 4 36-60 6.906 0.148 6.709 7.059 
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 2 4 <60 6.108 0.261 5.904 6.488 
GLB 1 4 >5 7.434 2.074 5.952 10.381 
 1 4 6-10 6.402 1.284 4.564 7.548 
 1 4 11-35 7.791 1.113 6.956 9.330 
 1 4 36-60 9.131 2.271 6.914 12.280 
 1 4 <60 7.409 1.580 5.434 9.296 
 2 4 >5 4.912 0.786 4.358 6.067 
 2 4 6-10 5.160 1.031 4.392 6.669 
 2 4 11-35 5.237 1.033 4.505 6.742 
 2 4 36-60 5.488 1.123 4.747 7.161 
 2 4 <60 4.682 0.990 4.005 6.153 
GLC 1 4 >5 6.358 0.507 5.788 7.014 
 1 4 6-10 7.314 0.185 7.171 7.570 
 1 4 11-35 7.821 0.353 7.553 8.333 
 1 4 36-60 9.428 0.649 8.690 10.083 
 1 4 <60 6.882 0.712 6.014 7.757 
 2 4 >5 4.090 0.551 3.538 4.838 
 2 4 6-10 4.298 0.562 3.753 5.054 
 2 4 11-35 4.487 0.306 4.320 4.945 
 2 4 36-60 4.828 0.568 4.091 5.462 
 2 4 <60 4.297 0.627 3.652 5.153 
GLD 1 4 >5 5.800 0.739 5.275 6.885 
 1 4 6-10 6.007 0.414 5.612 6.589 
 1 4 11-35 6.768 0.421 6.332 7.308 
 1 4 36-60 8.078 0.790 7.257 8.999 
 1 4 <60 6.249 0.468 5.596 6.680 
 2 4 >5 4.077 0.237 3.835 4.353 
 2 4 6-10 4.353 0.144 4.170 4.496 
 2 4 11-35 4.412 0.178 4.202 4.620 
 2 4 36-60 4.867 0.341 4.587 5.359 
 2 4 <60 4.051 0.195 3.851 4.292 
FA 1 4 >5 6.498 0.801 5.765 7.353 
 1 4 6-10 11.539 0.930 6.953 12.608 
 1 4 11-35 13.095 1.234 8.269 14.304 
 1 4 36-60 15.130 1.564 8.666 16.851 
 1 4 <60 10.071 2.511 6.192 12.837 
 2 4 >5 3.658 1.451 2.514 5.564 
 2 4 6-10 3.978 1.637 2.667 6.128 
 2 4 11-35 4.307 1.418 2.978 5.993 
 2 4 36-60 4.953 1.901 3.202 7.532 
 2 4 <60 4.134 1.824 2.660 6.583 
FB 1 4 >5 4.796 0.891 4.216 6.115 
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 1 4 6-10 6.090 1.878 4.480 8.803 
 1 4 11-35 8.076 2.411 5.920 11.263 
 1 4 36-60 9.667 2.117 7.497 11.527 
 1 4 <60 5.848 0.812 5.040 6.741 
 2 4 >5 3.611 0.240 3.383 3.947 
 2 4 6-10 3.829 0.253 3.623 4.193 
 2 4 11-35 4.258 0.323 3.845 4.623 
 2 4 36-60 5.417 0.638 4.902 6.343 
 2 4 <60 3.966 0.330 3.754 4.455 
FC 1 4 >5 6.554 1.740 4.219 8.045 
 1 4 6-10 7.970 2.398 5.867 10.270 
 1 4 11-35 9.247 2.698 6.460 12.236 
 1 4 36-60 11.371 4.043 7.698 16.405 
 1 4 <60 8.450 3.617 5.572 13.418 
 2 4 >5 4.361 1.407 2.577 5.853 
 2 4 6-10 4.700 1.616 2.639 6.134 
 2 4 11-35 5.138 1.581 3.239 6.681 
 2 4 36-60 6.598 2.485 3.826 8.775 
 2 4 <60 4.582 1.070 3.129 5.476 
FD 1 4 >5 6.286 1.195 5.476 7.788 
 1 4 6-10 7.887 1.734 5.132 10.070 
 1 4 11-35 9.833 2.298 6.174 12.646 
 1 4 36-60 12.361 2.911 7.691 15.202 
 1 4 <60 8.237 1.692 8.522 10.027 
 2 4 >5 6.286 1.195 5.132 7.788 
 2 4 6-10 7.887 1.734 6.174 10.070 
 2 4 11-35 9.833 2.298 7.691 12.646 
 2 4 36-60 12.361 2.911 8.522 15.202 
 2 4 <60 8.237 1.692 6.147 10.027 
CTA 1 4 >5 7.981 3.132 6.103 12.668 
 1 4 6-10 7.976 0.690 7.373 8.934 
 1 4 11-35 8.113 0.709 7.598 9.148 
 1 4 36-60 8.344 0.566 7.741 9.105 
 1 4 <60 6.513 0.534 5.961 7.240 
 2 4 >5 4.856 0.570 4.338 5.550 
 2 4 6-10 5.407 0.725 4.568 6.175 
 2 4 11-35 5.484 0.718 4.703 6.138 
 2 4 36-60 5.836 0.561 5.287 6.560 
 2 4 <60 4.660 0.603 4.020 5.336 
CTB 1 4 >5 4.694 0.323 4.254 4.999 
 1 4 6-10 4.898 0.381 4.328 5.115 
 1 4 11-35 5.288 0.414 4.691 5.648 
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 1 4 36-60 6.062 0.547 5.313 6.538 
 1 4 <60 4.107 0.265 3.820 4.455 
 2 4 >5 4.804 0.416 4.413 5.363 
 2 4 6-10 5.211 0.511 4.794 5.895 
 2 4 11-35 5.572 0.560 5.084 6.245 
 2 4 36-60 6.734 0.580 6.139 7.261 
 2 4 <60 4.528 0.251 4.235 4.790 
CTC 1 4 >5 6.274 0.453 5.685 6.773 
 1 4 6-10 6.796 0.232 6.631 7.140 
 1 4 11-35 6.891 0.433 6.327 7.297 
 1 4 36-60 8.485 0.786 7.537 9.263 
 1 4 <60 6.715 0.640 6.040 7.492 
 2 4 >5 4.827 0.275 4.528 5.195 
 2 4 6-10 4.941 0.264 4.714 5.265 
 2 4 11-35 4.976 0.264 4.721 5.282 
 2 4 36-60 5.733 1.419 4.811 7.847 
 2 4 <60 4.707 0.327 4.263 5.034 
CTD 1 4 >5 5.309 0.281 4.996 5.596 
 1 4 6-10 5.736 0.317 5.340 6.093 
 1 4 11-35 5.889 0.382 5.589 6.443 
 1 4 36-60 6.515 0.373 6.257 7.062 
 1 4 <60 5.475 0.414 5.120 6.066 
 2 4 >5 4.690 0.260 4.394 4.980 
 2 4 6-10 4.916 0.168 4.684 5.069 
 2 4 11-35 5.140 0.176 4.917 5.346 
 2 4 36-60 5.616 0.195 5.329 5.754 
 2 4 <60 4.771 0.179 4.517 4.938 
NTA 1 4 >5 7.088 1.395 5.722 9.028 
 1 4 6-10 7.464 1.364 5.995 9.243 
 1 4 11-35 7.884 1.425 6.302 9.751 
 1 4 36-60 8.461 1.446 7.193 10.408 
 1 4 <60 5.883 0.517 5.430 6.577 
 2 4 >5 5.387 0.219 5.198 5.632 
 2 4 6-10 5.655 0.116 5.513 5.766 
 2 4 11-35 5.910 0.121 5.761 6.020 
 2 4 36-60 6.533 0.440 5.900 6.906 
 2 4 <60 5.292 0.174 5.149 5.514 
NTB 1 4 >5 7.465 1.897 5.853 10.109 
 1 4 6-10 8.018 1.367 6.528 9.223 
 1 4 11-35 8.307 1.501 6.772 9.715 
 1 4 36-60 8.291 1.083 7.058 9.436 
 1 4 <60 5.737 0.320 5.438 6.095 
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 2 4 >5 6.669 2.965 5.019 11.113 
 2 4 6-10 5.783 0.311 5.342 6.018 
 2 4 11-35 5.929 0.260 5.608 6.167 
 2 4 36-60 6.291 0.382 6.006 6.827 
 2 4 <60 4.870 0.079 4.790 4.973 
NTC 1 4 >5 5.684 0.654 5.061 6.539 
 1 4 6-10 5.728 0.885 5.143 7.046 
 1 4 11-35 6.154 0.833 5.551 7.362 
 1 4 36-60 7.435 0.696 6.739 8.400 
 1 4 <60 6.459 0.806 5.972 7.665 
 2 4 >5 3.082 0.357 2.665 3.538 
 2 4 6-10 3.281 0.419 2.795 3.779 
 2 4 11-35 3.442 0.720 2.668 4.367 
 2 4 36-60 4.271 0.758 3.209 4.992 
 2 4 <60 3.547 1.034 2.765 5.070 
NTD 1 4 >5 5.008 0.232 4.719 5.255 
 1 4 6-10 5.358 0.238 5.092 5.635 
 1 4 11-35 5.833 0.277 5.472 6.091 
 1 4 36-60 6.599 0.259 6.357 6.908 
 1 4 <60 5.961 0.310 5.634 6.365 
 2 4 >5 3.361 0.123 3.247 3.532 
 2 4 6-10 3.530 0.247 3.203 3.794 
 2 4 11-35 3.676 0.267 3.328 3.972 
 2 4 36-60 4.039 0.462 3.523 4.536 
 2 4 <60 3.676 0.318 3.353 4.112 
 
  
78 
 
Raw Data  
  
Fie
ld
De
pth
Co
re 
Re
p
cor
e r
adi
us
cor
e h
eig
ht
cor
e w
eig
ht
Ori
gin
al w
eig
ht 
(gr
am
s) (
Soi
l Sa
mp
le+
cor
e+c
lot
h+r
ub
ber
 ba
nd
)
Sat
ura
ted
 W
eig
ht 
(sa
t so
il+r
ing
+fa
b+r
ub
ber
)
vol
um
e
Wt
 OD
 So
il
BD
 g/
cm
3
WH
C%
Ma
cro
por
osi
ty %
FC% Ma
cro
por
osi
ty (
wt 
of 
soi
l 3h
rs a
fte
r sa
tur
ate
d)
Fie
ld C
ap
aci
ty 
(wt
 of
 so
il 2
4hr
s a
fte
r sa
tur
ate
d)
Ov
en 
Dri
ed
 W
eig
ht
We
igh
t o
f Fa
bri
c
Wt
 of
 Ru
bbe
r
GLA 1 1 2.9 6.2 111.2 354.8 395.1 163.726 182.174 1.113 54.893 50.062 40.181 386.3 368.3 295.1 1.726 0.269
2 2.9 6.2 112.5 394.6 422.9 163.726 218.586 1.335 41.082 37.056 31.795 414.1 402.6 333.1 2.014 0.269
3 2.9 6.2 114.5 386.6 421.8 163.726 211.541 1.292 44.530 40.938 34.650 414.2 400.9 327.6 1.559 0.269
4 2.9 6.2 111.4 371.6 415.9 163.726 209.695 1.281 44.446 39.486 32.190 405.5 390.2 322.7 1.605 0.269
mean 1.255 46.238 41.885 34.704
stdev 0.098 5.989 5.681 3.864
CV(%) 7.793 12.953 13.564 11.134
Min 1.113 41.082 37.056 31.795
Max 1.335 54.893 50.062 40.181
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.2 113.1 396.9 430.4 163.726 232.868 1.422 35.514 33.409 28.085 425.5 413.1 347.7 1.732 0.269
2 2.9 6.2 114.4 435.9 453.9 163.726 264.355 1.615 27.804 25.836 22.583 448.7 440.1 380.4 1.645 0.269
3 2.9 6.2 109.9 388.5 413.4 163.726 218.502 1.335 38.215 35.881 30.297 408.3 396.1 329.9 1.498 0.269
4 2.9 6.2 112.5 391.4 432.2 163.726 228.017 1.393 39.515 37.322 27.191 427.2 404.1 342.1 1.583 0.269
mean 1.441 35.262 33.112 27.039
stdev 0.121 5.244 5.112 3.245
CV(%) 8.419 14.871 15.440 12.000
Min 1.335 27.804 25.836 22.583
Max 1.615 39.515 37.322 30.297
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
GLB 1 1 2.9 6.2 113.7 386.5 409.6 163.726 195.546 1.194 50.167 47.661 42.292 404.7 394.2 311.5 2.254 0.269
2 2.9 6.2 111.8 360.7 395.8 163.726 171.393 1.047 64.472 61.438 50.352 390.6 371.6 285.3 2.107 0.269
3 2.9 6.2 113.6 386.9 415.1 163.726 193.829 1.184 54.429 51.128 45.298 408.7 397.4 309.6 2.171 0.269
4 2.9 6.2 111.5 346.1 387.8 163.726 167.809 1.025 63.405 59.532 48.031 381.3 362 281.4 2.091 0.269
mean 1.112 58.118 54.940 46.493
stdev 0.089 6.956 6.604 3.480
CV(%) 8.002 11.968 12.020 7.485
Min 1.025 50.167 47.661 42.292
Max 1.194 64.472 61.438 50.352
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.2 111.9 397.1 423.2 163.726 222.979 1.362 38.838 36.730 31.483 418.5 406.8 336.6 1.721 0.269
2 2.9 6.2 112 414.7 432.2 163.726 238.160 1.455 33.549 31.701 28.762 427.8 420.8 352.3 2.14 0.269
3 2.9 6.2 111.2 400.4 426.1 163.726 226.871 1.386 37.819 34.866 30.193 419.4 408.8 340.3 2.229 0.269
4 2.9 6.2 111 405.4 419 163.726 232.452 1.420 31.705 29.813 27.059 414.6 408.2 345.3 1.848 0.269
mean 1.405 35.478 33.277 29.374
stdev 0.040 3.402 3.105 1.902
CV(%) 2.879 9.589 9.332 6.474
Min 1.362 31.705 29.813 27.059
Max 1.455 38.838 36.730 31.483
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
GLC 1 1 2.9 6.2 113.5 357.9 386.6 163.726 170.608 1.042 58.790 54.921 44.840 380 362.8 286.3 2.192 0.269
2 2.9 6.2 112.4 348.6 389.3 163.726 175.048 1.069 56.899 51.814 42.560 380.4 364.2 289.7 2.252 0.269
3 2.9 6.2 112.8 365.2 398.9 163.726 175.835 1.074 61.592 56.928 46.976 390.7 373.2 290.6 1.965 0.269
4 2.9 6.2 112.2 363.5 390.3 163.726 177.031 1.081 55.922 53.437 43.495 385.9 368.3 291.3 2.069 0.269
mean 1.067 58.301 54.275 44.468
stdev 0.017 2.496 2.177 1.916
CV(%) 1.605 4.282 4.011 4.309
Min 1.042 55.922 51.814 42.560
Max 1.081 61.592 56.928 46.976
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.2 110.8 363.9 404.4 163.726 195.301 1.193 49.309 46.902 33.999 399.7 374.5 308.1 1.999 0.269
2 2.9 6.2 114.3 370.8 404.6 163.726 194.079 1.185 48.537 42.457 34.419 392.8 377.2 310.4 2.021 0.269
3 2.9 6.2 110.9 385.1 406.5 163.726 210.236 1.284 39.717 37.339 31.298 401.5 388.8 323 1.864 0.269
4 2.9 6.2 112.4 368.4 398.4 163.726 195.433 1.194 45.182 41.702 32.390 391.6 373.4 310.1 2.267 0.269
mean 1.214 45.686 42.100 33.026
stdev 0.047 4.364 3.916 1.447
CV(%) 3.861 9.552 9.302 4.380
Min 1.185 39.717 37.339 31.298
Max 1.284 49.309 46.902 34.419
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
GLD 1 1 2.9 6.2 112.4 341.2 385.5 163.726 158.691 0.969 70.388 64.969 51.862 376.9 356.1 273.8 2.709 0.269
2 2.9 6.2 113.5 373.5 398.5 163.726 176.410 1.077 60.314 57.706 51.018 393.9 382.1 292.1 2.19 0.269
3 2.9 6.2 111.3 359 390.6 163.726 171.297 1.046 61.706 58.612 50.088 385.3 370.7 284.9 2.303 0.269
4 2.9 6.2 112.4 404.7 423.5 163.726 206.594 1.262 49.227 47.146 43.176 419.2 411 321.8 2.806 0.269
mean 1.089 60.409 57.108 49.036
stdev 0.124 8.686 7.386 3.973
CV(%) 11.395 14.378 12.934 8.102
Min 0.969 49.227 47.146 43.176
Max 1.262 70.388 64.969 51.862
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.2 114.7 395.4 425.1 163.726 202.787 1.239 51.631 48.918 43.001 419.6 407.6 320.4 2.913 0.269
2 2.9 6.2 113.8 403.6 423.6 163.726 220.256 1.345 39.681 37.593 33.824 419 410.7 336.2 2.144 0.269
3 2.9 6.2 112.8 408.7 432.4 163.726 226.002 1.380 40.309 37.920 33.451 427 416.9 341.3 2.498 0.269
4 2.9 6.2 112.5 408.7 430.4 163.726 226.576 1.384 39.325 36.985 32.307 425.1 414.5 341.3 2.224 0.269
mean 1.337 42.736 40.354 35.646
stdev 0.068 5.943 5.723 4.946
CV(%) 5.079 13.907 14.181 13.874
Min 1.239 39.325 36.985 32.307
Max 1.384 51.631 48.918 43.001
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h  
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
FA 1 1 2.9 6.2 118.1 345 402.2 163.726 188.872 1.154 49.134 41.880 31.291 388.5 368.5 309.4 2.428 0.269
2 2.9 6.2 114.7 325.8 380.7 163.726 154.356 0.943 71.069 60.056 49.561 363.7 347.5 271 1.944 0.269
3 2.9 6.2 112.2 385.4 411.5 163.726 212.234 1.296 40.050 36.563 31.428 404.1 393.2 326.5 2.066 0.269
4 2.9 6.2 118.6 382.6 408.5 163.726 205.077 1.253 40.424 37.059 31.988 401.6 391.2 325.6 1.923 0.269
mean 1.161 50.169 43.890 36.067
stdev 0.157 14.552 11.041 9.001
CV(%) 13.557 29.005 25.156 24.956
Min 0.943 40.050 36.563 31.291
Max 1.296 71.069 60.056 49.561
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.7 364.4 401.5 166.367 198.172 1.191 42.236 35.222 29.318 387.6 375.9 317.8 1.928 0.269
2 2.9 6.3 119.8 397.5 425.5 166.367 223.445 1.343 35.893 31.820 27.747 416.4 407.3 345.3 2.055 0.269
3 2.9 6.3 118.4 396.1 431 166.367 239.342 1.439 29.832 27.200 23.982 424.7 417 359.6 1.858 0.269
4 2.9 6.3 117.5 399.2 422.9 166.367 232.525 1.398 30.534 27.825 23.051 416.6 405.5 351.9 1.875 0.269
mean 1.343 34.624 30.517 26.025
stdev 0.108 5.752 3.745 2.990
CV(%) 8.066 16.612 12.274 11.490
Min 1.191 29.832 27.200 23.051
Max 1.439 42.236 35.222 29.318
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
FB 1 1 2.9 6.3 118.3 375.6 404.5 166.367 202.854 1.219 40.127 37.860 32.930 399.9 389.9 323.1 1.946 0.269
2 2.9 6.3 118.1 363 402.5 166.367 196.656 1.182 43.477 39.561 33.917 394.8 383.7 317 2.244 0.269
3 2.9 6.3 117.5 326.7 386.7 166.367 168.787 1.015 58.298 53.085 39.932 377.9 355.7 288.3 2.013 0.269
4 2.9 6.3 118.2 382 424.5 166.367 223.595 1.344 36.047 32.961 27.192 417.6 404.7 343.9 2.105 0.269
mean 1.190 44.487 40.867 33.493
stdev 0.136 9.695 8.612 5.217
CV(%) 11.422 21.794 21.074 15.577
Min 1.015 36.047 32.961 27.192
Max 1.344 58.298 53.085 39.932
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.6 406.9 422.7 166.367 234.777 1.411 29.091 27.814 25.215 419.7 413.6 354.4 2.023 0.269
2 2.9 6.3 117.9 371.1 417 166.367 215.493 1.295 37.867 33.412 27.472 407.4 394.6 335.4 2.007 0.269
3 2.9 6.3 118 357.4 411.4 166.367 211.076 1.269 37.901 33.969 25.157 403.1 384.5 331.4 2.324 0.269
4 2.9 6.3 118.2 392.3 425 166.367 231.023 1.389 31.902 29.478 23.201 419.4 404.9 351.3 2.077 0.269
mean 1.341 34.190 31.168 25.261
stdev 0.070 4.417 2.999 1.746
CV(%) 5.186 12.918 9.623 6.911
Min 1.269 29.091 27.814 23.201
Max 1.411 37.901 33.969 27.472
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
FC 1 1 2.9 6.3 117.6 309.9 374.4 166.367 158.319 0.952 60.827 51.984 37.709 360.4 337.8 278.1 2.181 0.269
2 2.9 6.3 117.6 368.2 407.7 166.367 201.332 1.210 42.914 38.841 33.378 399.5 388.5 321.3 2.368 0.269
3 2.9 6.3 118.1 343.5 386.2 166.367 176.442 1.061 50.668 46.077 37.519 378.1 363 296.8 2.258 0.269
4 2.9 6.3 117.9 359.6 399.3 166.367 191.974 1.154 45.423 43.183 35.421 395 380.1 312.1 2.226 0.269
mean 1.094 49.958 45.021 36.007
stdev 0.113 7.933 5.512 2.036
CV(%) 10.351 15.880 12.244 5.655
Min 0.952 42.914 38.841 33.378
Max 1.210 60.827 51.984 37.709
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 118.2 338.6 392.6 166.367 183.830 1.105 48.088 44.062 32.911 385.2 364.7 304.2 2.17 0.269
2 2.9 6.3 118.1 361.7 410.5 166.367 203.857 1.225 42.334 38.458 31.198 402.6 387.8 324.2 2.243 0.269
3 2.9 6.3 118.3 405.5 431.2 166.367 242.214 1.456 28.528 26.753 23.781 426.9 419.7 362.1 1.586 0.269
4 2.9 6.3 118.3 391.2 427.7 166.367 224.504 1.349 37.104 33.318 25.701 419.2 402.1 344.4 1.596 0.269
mean 1.284 39.014 35.648 28.398
stdev 0.152 8.306 7.377 4.351
CV(%) 11.840 21.289 20.693 15.323
Min 1.105 28.528 26.753 23.781
Max 1.456 48.088 44.062 32.911
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
FD 1 1 2.9 6.3 117.8 352.3 397.3 166.367 186.223 1.119 48.920 45.322 37.697 390.6 376.4 306.2 2.177 0.269
2 2.9 6.3 111.2 327 382.2 166.367 172.655 1.038 55.776 50.216 40.254 372.6 355.4 285.9 2.045 0.269
3 2.9 6.3 110.2 309.4 372.1 166.367 154.186 0.927 68.683 63.041 51.172 363.4 345.1 266.2 1.814 0.269
4 2.9 6.3 111.3 304.7 361.7 166.367 147.422 0.886 68.646 60.371 45.719 349.5 327.9 260.5 1.778 0.269
mean 0.993 60.506 54.737 43.710
stdev 0.106 9.828 8.362 5.995
CV(%) 10.691 16.242 15.277 13.715
Min 0.886 48.920 45.322 37.697
Max 1.119 68.683 63.041 51.172
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 118 370.5 406 166.367 208.395 1.253 37.237 35.078 30.279 401.5 391.5 328.4 2.005 0.269
2 2.9 6.3 118.3 341.3 394.8 166.367 187.006 1.124 46.843 41.924 33.368 385.6 369.6 307.2 1.894 0.269
3 2.9 6.3 118.1 335.6 391.2 166.367 182.213 1.095 48.844 43.027 33.807 380.6 363.8 302.2 1.887 0.269
4 2.9 6.3 118.1 386.5 417.3 166.367 215.427 1.295 38.018 35.929 28.641 412.8 397.1 335.4 1.873 0.269
mean 1.192 42.735 38.989 31.524
stdev 0.097 5.963 4.065 2.481
CV(%) 8.141 13.954 10.427 7.872
Min 1.095 37.237 35.078 28.641
Max 1.295 48.844 43.027 33.807
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CTA 1 1 2.9 6.3 111.2 410.3 421.6 166.367 351.900 2.115 24.098 25.234 19.466 425.6 405.3 336.8 1.726 0.269
2 2.9 6.3 112.5 429.2 440.6 166.367 368.200 2.213 22.053 20.858 17.572 436.2 424.1 359.4 2.014 0.269
3 2.9 6.3 114.5 416.5 430.8 166.367 374.600 2.252 22.851 21.356 17.539 425.2 410.9 345.2 1.559 0.269
4 2.9 6.3 111.4 431.8 440.8 166.367 342.800 2.061 22.841 23.454 18.291 442.9 425.2 362.5 1.605 0.269
mean 2.160 22.961 22.726 18.217
stdev 0.088 0.845 2.016 0.902
CV(%) 4.065 3.681 8.869 4.952
Min 2.061 22.053 20.858 17.539
Max 2.252 24.098 25.234 19.466
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 113.1 432.6 445.3 166.367 358.900 2.157 24.074 24.046 19.337 445.2 428.3 358.9 1.732 0.269
2 2.9 6.3 114.4 419.9 432.8 166.367 362.400 2.178 21.137 20.695 16.446 431.2 415.8 356.2 1.645 0.269
3 2.9 6.3 109.9 421.8 432.4 166.367 345.600 2.077 24.363 25.347 19.647 435.8 416.1 348.2 1.498 0.269
4 2.9 6.3 112.5 419.6 431.2 166.367 346.400 2.082 23.412 24.423 19.313 434.7 417 350.1 1.583 0.269
mean 2.124 23.247 23.628 18.686
stdev 0.052 1.462 2.030 1.501
CV(%) 2.430 6.288 8.591 8.032
Min 2.077 21.137 20.695 16.446
Max 2.178 24.363 25.347 19.647
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
CTB 1 1 2.9 6.3 113.7 398.5 415.9 166.367 349.800 2.103 26.415 25.443 19.354 412.5 391.2 323.5 2.177 0.269
2 2.9 6.3 111.8 419.6 436.2 166.367 365.100 2.195 23.829 20.844 17.365 425.3 412.6 349.2 2.045 0.269
3 2.9 6.3 113.6 420.5 433.8 166.367 359.200 2.159 25.390 24.109 20.379 429.2 415.8 342.6 1.814 0.269
4 2.9 6.3 111.5 433.7 446.2 166.367 371.900 2.235 20.893 20.651 16.322 445.3 429.2 368.5 1.778 0.269
mean 2.173 24.132 22.762 18.355
stdev 0.056 2.407 2.390 1.845
CV(%) 2.592 9.974 10.502 10.050
Min 2.103 20.893 20.651 16.322
Max 2.235 26.415 25.443 20.379
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.8 412 426.2 166.367 358.900 2.157 23.851 23.683 19.003 425.6 408.8 340.6 2.005 0.269
2 2.9 6.3 111.2 429.2 448.6 166.367 378.500 2.275 21.612 18.177 15.588 435.6 425.8 366.8 1.894 0.269
3 2.9 6.3 110.2 440.2 452.2 166.367 380.400 2.287 20.505 20.610 16.299 452.6 436.2 374.2 1.887 0.269
4 2.9 6.3 111.3 422.6 447.1 166.367 375.200 2.255 26.892 22.735 19.563 431.5 419.6 346.2 1.873 0.269
mean 2.244 23.215 21.301 17.613
stdev 0.059 2.819 2.447 1.963
CV(%) 2.627 12.144 11.489 11.146
Min 2.157 20.505 18.177 15.588
Max 2.287 26.892 23.683 19.563
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
CTC 1 1 2.9 6.2 118.1 411.2 426.4 163.726 220.847 1.349 38.760 36.903 31.379 422.3 410.1 340.8 1.853 0.269
2 2.9 6.2 114.7 389.2 408.1 163.726 195.632 1.195 49.174 46.976 39.308 403.8 388.8 311.9 1.568 0.269
3 2.9 6.2 112.2 400.9 414.3 163.726 209.043 1.277 43.532 41.044 35.399 409.1 397.3 323.3 2.057 0.269
4 2.9 6.2 118.6 409.1 424.7 163.726 209.734 1.281 44.914 42.292 35.998 419.2 406 330.5 2.166 0.269
mean 1.275 44.095 41.804 35.521
stdev 0.063 4.291 4.146 3.253
CV(%) 4.942 9.732 9.919 9.157
Min 1.195 38.760 36.903 31.379
Max 1.349 49.174 46.976 39.308
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.7 428.8 440 166.367 247.163 1.486 29.576 29.373 25.408 439.5 429.7 366.9 2.037 0.269
2 2.9 6.3 119.8 437.9 448.7 166.367 247.605 1.488 32.148 30.209 27.463 443.9 437.1 369.1 1.695 0.269
3 2.9 6.3 118.4 438.7 450.4 166.367 254.511 1.530 29.743 27.818 24.911 445.5 438.1 374.7 1.789 0.269
4 2.9 6.3 117.5 440.3 450.9 166.367 255.857 1.538 29.587 28.258 24.662 447.5 438.3 375.2 1.843 0.269
mean 1.510 30.263 28.915 25.611
stdev 0.027 1.259 1.083 1.273
CV(%) 1.807 4.159 3.746 4.971
Min 1.486 29.576 27.818 24.662
Max 1.538 32.148 30.209 27.463
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
CTD 1 1 2.9 6.3 118.3 410 424.1 166.367 216.023 1.298 40.644 38.653 32.358 419.8 406.2 336.3 1.977 0.269
2 2.9 6.3 118.1 415.3 426.6 166.367 222.461 1.337 37.849 35.961 32.051 422.4 413.7 342.4 1.839 0.269
3 2.9 6.3 117.5 419.9 432.6 166.367 227.889 1.370 37.387 36.158 30.804 429.8 417.6 347.4 2.011 0.269
4 2.9 6.3 118.2 421.7 437.9 166.367 237.685 1.429 33.700 31.933 27.431 433.7 423 357.8 1.915 0.269
mean 1.359 37.395 35.676 30.661
stdev 0.055 2.853 2.780 2.255
CV(%) 4.056 7.629 7.793 7.356
Min 1.298 33.700 31.933 27.431
Max 1.429 40.644 38.653 32.358
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.6 423.3 436.3 166.367 239.284 1.438 32.347 30.591 26.496 432.1 422.3 358.9 2.016 0.269
2 2.9 6.3 117.9 433.7 448.7 166.367 252.324 1.517 30.516 28.614 24.809 443.9 434.3 371.7 1.476 0.269
3 2.9 6.3 118 437.8 449.4 166.367 253.434 1.523 29.909 28.212 24.977 445.1 436.9 373.6 2.166 0.269
4 2.9 6.3 118.2 422.2 438.5 166.367 244.912 1.472 30.052 27.928 23.110 433.3 421.5 364.9 1.788 0.269
mean 1.488 30.706 28.837 24.848
stdev 0.040 1.124 1.203 1.385
CV(%) 2.687 3.661 4.172 5.573
Min 1.438 29.909 27.928 23.110
Max 1.523 32.347 30.591 26.496
81 
 
 
 
NTA 1 1 2.9 6.3 118.1 435.2 451.2 166.367 264.300 1.589 37.949 36.095 30.496 446.3 431.5 350.9 2.192 0.269
2 2.9 6.3 114.7 425.2 441.6 166.367 256.100 1.539 37.017 35.689 29.207 438.2 421.6 346.8 2.252 0.269
3 2.9 6.3 112.2 432.6 453.1 166.367 259.400 1.559 41.635 39.013 32.305 446.3 428.9 345.1 1.965 0.269
4 2.9 6.3 118.6 422.6 437.8 166.367 249.600 1.500 39.503 37.220 32.652 432.1 420.7 339.2 2.069 0.269
mean 1.547 39.026 37.004 31.165
stdev 0.037 2.019 1.487 1.612
CV(%) 2.397 5.173 4.020 5.171
Min 1.500 37.017 35.689 29.207
Max 1.589 41.635 39.013 32.652
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.7 389.2 406.1 166.367 220.800 1.327 31.929 30.344 24.864 402.6 390.5 335.6 1.999 0.269
2 2.9 6.3 119.8 410.7 429.6 166.367 249.600 1.500 34.896 33.093 26.683 425.1 409.1 342.5 2.021 0.269
3 2.9 6.3 118.4 406.9 421.3 166.367 245.300 1.474 32.776 31.920 26.743 419.2 406.5 340.9 1.864 0.269
4 2.9 6.3 117.5 436.5 451.9 166.367 268.600 1.615 32.092 29.226 26.098 444.2 435.8 365.7 2.267 0.269
mean 1.479 32.923 31.146 26.097
stdev 0.118 1.365 1.705 0.872
CV(%) 7.988 4.146 5.474 3.341
Min 1.327 31.929 29.226 24.864
Max 1.615 34.896 33.093 26.743
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
NTB 1 1 2.9 6.3 118.3 399.2 415.7 166.367 245.400 1.475 32.152 30.766 25.835 412.3 400.2 336.8 2.709 0.269
2 2.9 6.3 118.1 425.8 445.8 166.367 256.300 1.541 33.008 30.628 24.737 439.7 424.6 361.2 2.19 0.269
3 2.9 6.3 117.5 423.8 439.1 166.367 253.800 1.526 35.028 32.151 27.423 431.8 419.8 350.2 2.303 0.269
4 2.9 6.3 118.2 433.6 446.2 166.367 258.100 1.551 34.870 32.274 27.083 439.5 426.1 356.2 2.806 0.269
mean 1.523 33.764 31.455 26.269
stdev 0.034 1.413 0.878 1.229
CV(%) 2.217 4.185 2.792 4.678
Min 1.475 32.152 30.628 24.737
Max 1.551 35.028 32.274 27.423
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 117.6 435.2 450.8 166.367 262.500 1.578 31.467 29.829 23.848 446.5 430.8 368.2 2.913 0.269
2 2.9 6.3 117.9 415.9 430.6 166.367 249.600 1.500 34.215 32.212 28.245 425.6 415.7 345.2 2.144 0.269
3 2.9 6.3 118 379.5 406.2 166.367 219.100 1.317 36.650 34.550 22.958 401.6 376.2 325.9 2.498 0.269
4 2.9 6.3 118.2 436.2 459.2 166.367 270.200 1.624 33.679 30.089 25.611 449.5 437.4 368.2 2.224 0.269
mean 1.505 34.003 31.670 25.165
stdev 0.135 2.128 2.197 2.331
CV(%) 8.987 6.259 6.937 9.261
Min 1.317 31.467 29.829 22.958
Max 1.624 36.650 34.550 28.245
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
NTC 1 1 2.9 6.3 117.6 405.3 429.8 166.367 224.001 1.346 38.125 35.268 29.152 423.4 409.7 344.4 2.799 0.269
2 2.9 6.3 117.6 396.4 413.2 166.367 214.961 1.292 36.472 33.541 29.494 406.9 398.2 334.8 2.239 0.269
3 2.9 6.3 118.1 419.5 437.9 166.367 233.937 1.406 35.522 33.129 28.939 432.3 422.5 354.8 2.763 0.269
4 2.9 6.3 117.9 407.7 423.9 166.367 220.234 1.324 37.869 35.417 31.421 418.5 409.7 340.5 2.366 0.269
mean 1.342 36.997 34.339 29.751
stdev 0.048 1.222 1.173 1.136
CV(%) 3.588 3.304 3.415 3.819
Min 1.292 35.522 33.129 28.939
Max 1.406 38.125 35.417 31.421
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 118.2 417.2 438.9 166.367 241.824 1.454 31.511 29.195 24.811 433.3 422.7 362.7 2.676 0.269
2 2.9 6.3 118.1 423.8 440.1 166.367 247.021 1.485 29.431 27.528 24.411 435.4 427.7 367.4 2.279 0.269
3 2.9 6.3 118.3 439.3 459.3 166.367 262.413 1.577 29.076 26.942 22.712 453.7 442.6 383 2.287 0.269
4 2.9 6.3 118.3 429.5 453.6 166.367 246.680 1.483 34.377 32.431 26.107 448.8 433.2 368.8 3.82 0.269
mean 1.500 31.099 29.024 24.510
stdev 0.054 2.435 2.463 1.400
CV(%) 3.583 7.830 8.488 5.713
Min 1.454 29.076 26.942 22.712
Max 1.577 34.377 32.431 26.107
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
NTD 1 1 2.9 6.3 117.8 409 432.9 166.367 220.488 1.325 41.771 38.778 32.428 426.3 412.3 340.8 2.512 0.269
2 2.9 6.3 111.2 398.5 415 166.367 220.834 1.327 36.543 33.690 29.887 408.7 400.3 334.3 2.266 0.269
3 2.9 6.3 110.2 370.9 396.1 166.367 203.485 1.223 39.659 37.447 32.337 391.6 381.2 315.4 1.715 0.269
4 2.9 6.3 111.3 416.9 432.3 166.367 237.261 1.426 34.561 32.875 28.197 428.3 417.2 350.3 1.739 0.269
means 1.325 38.134 35.698 30.712
stdev 0.083 3.207 2.860 2.049
CV(%) 6.254 8.409 8.012 6.671
Min 1.223 34.561 32.875 28.197
Max 1.426 41.771 38.778 32.428
volume Wt OD SoilBD g/cm3 WHC% Macroporosity %FC%
2 1 2.9 6.3 118 420.3 440.9 166.367 243.684 1.465 31.721 29.711 24.663 436 423.7 363.6 1.916 0.269
2 2.9 6.3 118.3 434.9 454.9 166.367 256.570 1.542 30.401 28.101 24.126 449 438.8 376.9 2.03 0.269
3 2.9 6.3 118.1 427.9 433.9 166.367 249.740 1.501 25.627 24.265 21.262 430.5 423 369.9 2.06 0.269
4 2.9 6.3 118.1 416 438 166.367 241.114 1.449 31.894 30.193 23.226 433.9 417.1 361.1 1.886 0.269
means 1.489 29.911 28.068 23.319
stdev 0.041 2.933 2.688 1.494
CV(%) 2.780 9.805 9.577 6.407
Min 1.449 25.627 24.265 21.262
Max 1.542 31.894 30.193 24.663
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GLA 1 1 1.3 1.305 14.288 14.37 13.164 13.024 8.654 5.019 10.302 5.975 9.478 5.497
2 1.309 1.309 14.76 14.423 13.87 13.525 6.617 3.838 6.848 3.972 6.732 3.905
3 1.306 1.296 14.243 14.026 13.06 12.882 9.144 5.304 8.987 5.212 9.065 5.258
4 1.297 1.285 14.481 14.637 13.575 13.748 6.872 3.986 6.658 3.862 6.765 3.924
mean 7.822 4.537 8.199 4.755 8.010 4.646
stdev 1.264 0.733 1.755 1.018 1.467 0.851
CV(%) 16.166 16.166 21.411 21.411 18.309 18.309
Min 6.617 3.838 6.658 3.862 6.732 3.905
Max 9.144 5.304 10.302 5.975 9.478 5.497
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.299 1.295 15.101 14.175 14.322 13.457 5.644 3.274 5.575 3.233 5.609 3.253
2 1.295 1.296 14.65 14.137 13.841 13.377 6.058 3.513 5.919 3.433 5.988 3.473
3 1.287 1.287 14.443 14.763 13.484 13.778 7.289 4.228 7.309 4.239 7.299 4.234
4 1.281 1.292 14.107 14.792 13.267 13.938 6.549 3.799 6.326 3.669 6.438 3.734
mean 6.385 3.703 6.282 3.644 6.334 3.673
stdev 0.707 0.410 0.751 0.435 0.727 0.422
CV(%) 11.078 11.078 11.947 11.947 11.485 11.485
Min 5.644 3.274 5.575 3.233 5.609 3.253
Max 7.289 4.228 7.309 4.239 7.299 4.234
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
GLB 1 1 1.247 1.245 14.23 14.042 13.315 13.089 7.048 4.088 7.447 4.319 7.247 4.203
2 1.247 1.247 14.363 14.293 13.33 13.312 7.876 4.568 7.520 4.361 7.698 4.465
3 1.251 1.25 14.456 14.511 13.497 13.583 7.262 4.212 6.998 4.059 7.130 4.136
4 1.252 1.253 14.212 14.393 12.995 13.086 9.390 5.446 9.947 5.769 9.669 5.608
mean 7.894 4.579 7.978 4.627 7.936 4.603
stdev 1.057 0.613 1.333 0.773 1.181 0.685
CV(%) 13.396 13.396 16.705 16.705 14.878 14.878
Min 7.048 4.088 6.998 4.059 7.130 4.136
Max 9.390 5.446 9.947 5.769 9.669 5.608
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.252 1.254 14.359 14.251 13.779 13.68 4.425 2.567 4.393 2.548 4.409 2.557
2 1.251 1.246 14.312 14.402 13.781 13.901 4.066 2.358 3.808 2.209 3.937 2.283
3 1.243 1.242 14.202 14.477 13.748 14.001 3.503 2.032 3.597 2.086 3.550 2.059
4 1.244 1.242 14.33 14.203 13.836 13.707 3.775 2.190 3.827 2.220 3.801 2.205
mean 3.942 2.287 3.906 2.266 3.924 2.276
stdev 0.395 0.229 0.341 0.198 0.361 0.209
CV(%) 10.029 10.029 8.733 8.733 9.196 9.196
Min 3.503 2.032 3.597 2.086 3.550 2.059
Max 4.425 2.567 4.393 2.548 4.409 2.557
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
GLC 1 1 1.305 1.305 14.104 15.418 13.468 14.721 4.969 2.882 4.939 2.864 4.954 2.873
2 1.305 1.3 14.235 14.065 13.514 13.319 5.576 3.234 5.844 3.390 5.710 3.312
3 1.3 1.299 15.588 14.105 14.371 13.642 8.518 4.940 3.615 2.097 6.067 3.519
4 1.307 1.299 16.821 14.047 15.891 13.27 5.995 3.477 6.095 3.535 6.045 3.506
mean 6.264 3.633 5.123 2.972 5.694 3.302
stdev 1.560 0.905 1.121 0.650 0.520 0.301
CV(%) 24.903 24.903 21.885 21.885 9.125 9.125
Min 4.969 2.882 3.615 2.097 4.954 2.873
Max 8.518 4.940 6.095 3.535 6.067 3.519
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.314 1.301 15.056 14.273 14.659 13.879 2.889 1.676 3.037 1.762 2.963 1.719
2 1.309 1.306 14.619 14.309 14.07 13.767 4.125 2.392 4.168 2.418 4.146 2.405
3 1.309 1.31 15.233 14.022 14.701 13.496 3.821 2.216 4.138 2.400 3.979 2.308
4 1.312 1.327 14.421 14.028 13.794 13.419 4.783 2.774 4.795 2.781 4.789 2.778
mean 3.904 2.265 4.035 2.340 3.969 2.302
stdev 0.787 0.457 0.731 0.424 0.756 0.439
CV(%) 20.159 20.159 18.108 18.108 19.051 19.051
Min 2.889 1.676 3.037 1.762 2.963 1.719
Max 4.783 2.774 4.795 2.781 4.789 2.778
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
GLD 1 1 1.24 1.254 14.064 14.402 13.281 13.637 6.106 3.541 5.818 3.375 5.962 3.458
2 1.251 1.248 14.518 14.076 13.596 13.266 6.950 4.031 6.314 3.662 6.632 3.847
3 1.249 1.249 14.157 15.117 13.373 14.295 6.074 3.523 5.927 3.438 6.001 3.480
4 1.246 1.243 14.372 15.265 13.712 14.601 5.028 2.916 4.735 2.747 4.882 2.831
mean 6.039 3.503 5.699 3.305 5.869 3.404
stdev 0.787 0.456 0.677 0.392 0.726 0.421
CV(%) 13.026 13.026 11.873 11.873 12.375 12.375
Min 5.028 2.916 4.735 2.747 4.882 2.831
Max 6.950 4.031 6.314 3.662 6.632 3.847
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.238 1.238 14.831 14.805 14.178 14.157 4.804 2.786 4.776 2.770 4.790 2.778
2 1.239 1.241 14.492 14.926 14.011 14.46 3.629 2.105 3.405 1.975 3.517 2.040
3 1.246 1.244 14.819 14.417 14.293 13.927 3.875 2.248 3.720 2.157 3.798 2.203
4 1.251 1.251 14.317 14.149 13.934 13.792 2.931 1.700 2.768 1.605 2.850 1.653
mean 3.810 2.210 3.667 2.127 3.739 2.168
stdev 0.774 0.449 0.839 0.486 0.806 0.467
CV(%) 20.314 20.314 22.870 22.870 21.557 21.557
Min 2.931 1.700 2.768 1.605 2.850 1.653
Max 4.804 2.786 4.776 2.770 4.790 2.778
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FA 1 1 1.249 1.259 14.399 14.296 13.559 13.414 6.388 3.705 6.765 3.924 6.577 3.814
2 1.254 1.25 14.082 14.41 12.635 12.936 11.280 6.542 11.201 6.496 11.240 6.519
3 1.266 1.266 14.753 14.599 13.948 13.807 5.969 3.462 5.940 3.445 5.954 3.454
4 1.264 1.259 14.529 14.539 13.858 13.946 5.058 2.934 4.465 2.590 4.762 2.762
mean 7.174 4.161 7.093 4.114 7.133 4.137
stdev 2.793 1.620 2.899 1.681 2.840 1.647
CV(%) 38.936 38.936 40.873 40.873 39.808 39.808
Min 5.058 2.934 4.465 2.590 4.762 2.762
Max 11.280 6.542 11.201 6.496 11.240 6.519
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.261 1.263 14.154 14.296 13.621 13.742 4.134 2.398 4.251 2.465 4.192 2.432
2 1.26 1.257 14.324 14.315 13.734 13.749 4.516 2.619 4.335 2.514 4.425 2.567
3 1.257 1.26 14.094 14.632 13.583 14.084 3.981 2.309 4.098 2.377 4.039 2.343
4 1.259 1.263 14.77 14.618 14.435 14.304 2.479 1.438 2.351 1.364 2.415 1.401
mean 3.778 2.191 3.759 2.180 3.768 2.186
stdev 0.894 0.519 0.943 0.547 0.916 0.531
CV(%) 23.672 23.672 25.099 25.099 24.302 24.302
Min 2.479 1.438 2.351 1.364 2.415 1.401
Max 4.516 2.619 4.335 2.514 4.425 2.567
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
FB 1 1 1.252 1.247 14.139 14.199 13.547 13.61 4.594 2.664 4.548 2.638 4.571 2.651
2 1.247 1.248 13.468 14.639 12.783 13.892 5.605 3.251 5.578 3.235 5.592 3.243
3 1.249 1.249 14.364 15.683 13.671 14.991 5.284 3.065 4.794 2.781 5.039 2.923
4 1.248 1.253 14.337 14.658 13.822 14.147 3.935 2.282 3.812 2.211 3.873 2.247
mean 4.854 2.816 4.683 2.716 4.769 2.766
stdev 0.744 0.432 0.728 0.422 0.728 0.422
CV(%) 15.333 15.333 15.551 15.551 15.273 15.273
Min 3.935 2.282 3.812 2.211 3.873 2.247
Max 5.605 3.251 5.578 3.235 5.592 3.243
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.255 1.259 14.393 14.366 13.848 13.818 4.148 2.406 4.181 2.425 4.165 2.415
2 1.256 1.257 14.121 14.291 13.697 13.877 3.296 1.912 3.176 1.842 3.236 1.877
3 1.254 1.256 14.239 14.253 13.909 13.914 2.541 1.474 2.608 1.513 2.575 1.493
4 1.256 1.259 14.468 14.455 13.978 13.996 3.709 2.151 3.478 2.017 3.594 2.084
mean 3.424 1.986 3.361 1.949 3.392 1.968
stdev 0.683 0.396 0.655 0.380 0.666 0.386
CV(%) 19.962 19.962 19.486 19.486 19.625 19.625
Min 2.541 1.474 2.608 1.513 2.575 1.493
Max 4.148 2.406 4.181 2.425 4.165 2.415
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
FC 1 1 1.256 1.261 14.103 14.277 13.036 13.297 8.305 4.817 7.529 4.367 7.917 4.592
2 1.258 1.263 14.476 14.307 13.899 13.766 4.365 2.532 4.148 2.406 4.256 2.469
3 1.264 1.262 14.357 14.258 13.473 13.395 6.752 3.916 6.641 3.851 6.696 3.884
4 1.264 1.263 14.247 14.179 13.38 13.344 6.678 3.873 6.465 3.750 6.571 3.811
mean 6.525 3.785 6.196 3.593 6.360 3.689
stdev 1.624 0.942 1.443 0.837 1.528 0.886
CV(%) 24.884 24.884 23.285 23.285 24.030 24.030
Min 4.365 2.532 4.148 2.406 4.256 2.469
Max 8.305 4.817 7.529 4.367 7.917 4.592
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.263 1.259 15.156 14.101 14.399 13.434 5.449 3.160 5.194 3.012 5.321 3.086
2 1.258 1.26 14.211 14.401 13.825 14.025 2.980 1.728 2.861 1.660 2.921 1.694
3 1.259 1.264 14.064 14.084 13.68 13.701 2.999 1.739 2.988 1.733 2.993 1.736
4 1.268 1.269 14.229 14.091 13.721 13.595 3.919 2.273 3.868 2.244 3.894 2.258
mean 3.837 2.225 3.728 2.162 3.782 2.194
stdev 1.161 0.673 1.075 0.624 1.117 0.648
CV(%) 30.252 30.252 28.843 28.843 29.545 29.545
Min 2.980 1.728 2.861 1.660 2.921 1.694
Max 5.449 3.160 5.194 3.012 5.321 3.086
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
FD 1 1 1.296 1.296 14.704 14.607 13.757 13.739 7.063 4.097 6.521 3.782 6.792 3.939
2 1.286 1.289 14.056 14.494 13.397 13.827 5.161 2.993 5.051 2.930 5.106 2.961
3 1.286 1.29 14.33 14.143 13.243 13.111 8.333 4.833 8.029 4.657 8.181 4.745
4 1.294 1.289 14.39 14.226 13.123 13.021 9.675 5.611 9.314 5.402 9.495 5.507
mean 7.558 4.384 7.229 4.193 7.393 4.288
stdev 1.921 1.114 1.847 1.071 1.882 1.092
CV(%) 25.422 25.422 25.550 25.550 25.461 25.461
Min 5.161 2.993 5.051 2.930 5.106 2.961
Max 9.675 5.611 9.314 5.402 9.495 5.507
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.286 1.293 14.389 14.148 13.695 13.524 5.296 3.072 4.854 2.815 5.075 2.944
2 1.288 1.297 14.045 14.485 13.536 13.931 3.990 2.314 4.201 2.436 4.095 2.375
3 1.286 1.293 14.156 14.38 13.473 13.703 5.307 3.078 5.173 3.000 5.240 3.039
4 1.295 1.288 14.043 14.579 13.461 13.992 4.565 2.648 4.417 2.562 4.491 2.605
mean 4.790 2.778 4.661 2.703 4.725 2.741
stdev 0.636 0.369 0.436 0.253 0.529 0.307
CV(%) 13.283 13.283 9.360 9.360 11.192 11.192
Min 3.990 2.314 4.201 2.436 4.095 2.375
Max 5.307 3.078 5.173 3.000 5.240 3.039
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CTA 1 1 1.299 1.295 14.305 14.254 13.568 13.126 5.667 3.287 8.704 5.049 7.185 4.168
2 1.295 1.296 14.519 14.762 13.786 13.984 5.543 3.215 5.778 3.351 5.660 3.283
3 1.287 1.287 14.612 14.436 13.862 13.469 5.629 3.265 7.354 4.265 6.491 3.765
4 1.281 1.292 14.364 14.523 13.852 13.623 3.913 2.270 6.802 3.945 5.358 3.108
mean 5.188 3.009 7.160 4.153 6.174 3.581
stdev 0.851 0.494 1.220 0.707 0.827 0.480
CV(%) 16.407 16.407 17.034 17.034 13.402 13.402
Min 3.913 2.270 5.778 3.351 5.358 3.108
Max 5.667 3.287 8.704 5.049 7.185 4.168
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.247 1.245 14.321 14.591 13.496 13.713 6.310 3.660 6.579 3.816 6.444 3.738
2 1.247 1.247 14.523 14.286 13.796 13.269 5.476 3.176 7.800 4.524 6.638 3.850
3 1.251 1.25 14.412 14.394 13.429 13.695 7.469 4.332 5.318 3.084 6.394 3.708
4 1.252 1.253 14.436 14.348 13.598 13.523 6.356 3.687 6.300 3.654 6.328 3.670
mean 6.403 3.714 6.499 3.770 6.451 3.742
stdev 0.818 0.474 1.022 0.593 0.133 0.077
CV(%) 12.773 12.773 15.723 15.723 2.067 2.067
Min 5.476 3.176 5.318 3.084 6.328 3.670
Max 7.469 4.332 7.800 4.524 6.638 3.850
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
CTB 1 1 1.252 1.254 14.537 14.394 13.769 13.298 5.781 3.353 8.341 4.838 7.061 4.095
2 1.251 1.246 14.725 14.436 13.619 13.631 8.208 4.761 6.103 3.540 7.156 4.150
3 1.243 1.242 14.005 14.179 13.196 13.206 6.339 3.677 7.521 4.362 6.930 4.019
4 1.244 1.242 14.159 14.391 13.293 13.501 6.705 3.889 6.769 3.926 6.737 3.907
mean 6.758 3.920 7.183 4.166 6.971 4.043
stdev 1.039 0.602 0.965 0.560 0.181 0.105
CV(%) 15.368 15.368 13.432 13.432 2.602 2.602
Min 5.781 3.353 6.103 3.540 6.737 3.907
Max 8.208 4.761 8.341 4.838 7.156 4.150
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.305 1.305 14.625 14.892 13.805 13.989 6.156 3.571 6.646 3.855 6.401 3.713
2 1.305 1.3 14.359 14.036 13.53 13.583 6.351 3.683 3.557 2.063 4.954 2.873
3 1.3 1.299 14.258 14.163 13.462 13.692 6.143 3.563 3.661 2.124 4.902 2.843
4 1.307 1.299 14.627 14.409 13.852 13.621 5.818 3.375 6.011 3.486 5.914 3.430
mean 6.117 3.548 4.969 2.882 5.543 3.215
stdev 0.221 0.128 1.592 0.923 0.738 0.428
CV(%) 3.606 3.606 32.037 32.037 13.308 13.308
Min 5.818 3.375 3.557 2.063 4.902 2.843
Max 6.351 3.683 6.646 3.855 6.401 3.713
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
CTC 1 1 1.235 1.237 14.606 14.466 13.948 13.835 4.921 2.854 4.770 2.766 4.845 2.810
2 1.237 1.257 14.147 14.281 13.307 13.305 6.507 3.774 7.494 4.346 7.000 4.060
3 1.261 1.258 14.313 14.142 13.597 13.433 5.486 3.182 5.503 3.192 5.494 3.187
4 1.256 1.263 14.713 14.718 13.992 14.045 5.358 3.108 5.002 2.901 5.180 3.004
mean 5.568 3.229 5.692 3.301 5.630 3.265
stdev 0.671 0.389 1.240 0.719 0.951 0.552
CV(%) 12.050 12.050 21.776 21.776 16.894 16.894
Min 4.921 2.854 4.770 2.766 4.845 2.810
Max 6.507 3.774 7.494 4.346 7.000 4.060
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.24 1.244 14.119 14.295 13.62 13.796 3.875 2.247 3.823 2.218 3.849 2.232
2 1.246 1.254 14.235 14.031 13.717 13.563 3.988 2.313 3.663 2.124 3.825 2.219
3 1.254 1.255 14.561 14.651 14.001 14.116 4.208 2.441 3.994 2.316 4.101 2.379
4 1.257 1.261 14.184 14.391 13.66 13.896 4.054 2.351 3.770 2.187 3.912 2.269
mean 4.031 2.338 3.813 2.211 3.922 2.275
stdev 0.139 0.081 0.138 0.080 0.125 0.072
CV(%) 3.458 3.458 3.621 3.621 3.185 3.185
Min 3.875 2.247 3.663 2.124 3.825 2.219
Max 4.208 2.441 3.994 2.316 4.101 2.379
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
CTD 1 1 1.258 1.259 14.006 15.263 13.442 14.646 4.424 2.566 4.406 2.555 4.415 2.561
2 1.263 1.264 14.256 14.021 13.737 13.523 3.994 2.317 3.904 2.264 3.949 2.290
3 1.266 1.265 14.274 14.188 13.747 13.561 4.051 2.350 4.852 2.814 4.452 2.582
4 1.265 1.264 14.129 14.424 13.645 13.961 3.762 2.182 3.518 2.041 3.640 2.111
mean 4.058 2.354 4.170 2.419 4.114 2.386
stdev 0.274 0.159 0.582 0.338 0.390 0.226
CV(%) 6.757 6.757 13.957 13.957 9.478 9.478
Min 3.762 2.182 3.518 2.041 3.640 2.111
Max 4.424 2.566 4.852 2.814 4.452 2.582
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NTA 1 1 1.235 1.237 14.56 14.591 13.769 13.596 5.936 3.443 7.451 4.322 6.694 3.882
2 1.237 1.257 14.365 14.52 13.689 13.648 5.149 2.987 6.575 3.813 5.862 3.400
3 1.261 1.258 14.258 14.193 13.526 13.264 5.632 3.267 7.182 4.166 6.407 3.716
4 1.256 1.263 14.006 14.52 13.268 13.519 5.788 3.357 7.551 4.379 6.669 3.868
mean 5.626 3.263 7.190 4.170 6.408 3.717
stdev 0.341 0.198 0.439 0.254 0.386 0.224
CV(%) 6.069 6.069 6.099 6.099 6.031 6.031
Min 5.149 2.987 6.575 3.813 5.862 3.400
Max 5.936 3.443 7.551 4.379 6.694 3.882
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.24 1.244 14.736 14.86 13.986 14.125 5.557 3.223 5.398 3.131 5.478 3.177
2 1.246 1.254 14.961 14.923 14.006 13.985 6.963 4.039 6.862 3.980 6.913 4.009
3 1.254 1.255 14.391 14.42 13.761 13.843 4.796 2.781 4.383 2.542 4.589 2.662
4 1.257 1.261 14.76 14.381 14.163 13.862 4.421 2.564 3.956 2.294 4.189 2.429
mean 5.434 3.152 5.150 2.987 5.292 3.069
stdev 1.124 0.652 1.292 0.749 1.207 0.700
CV(%) 20.674 20.674 25.089 25.089 22.814 22.814
Min 4.421 2.564 3.956 2.294 4.189 2.429
Max 6.963 4.039 6.862 3.980 6.913 4.009
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
NTB 1 1 1.258 1.259 14.561 14.149 13.682 13.681 6.608 3.832 3.631 2.106 5.119 2.969
2 1.263 1.264 14.762 14.537 13.891 13.762 6.452 3.742 5.839 3.387 6.146 3.564
3 1.266 1.265 14.379 14.349 13.721 13.492 5.018 2.910 6.550 3.799 5.784 3.355
4 1.265 1.264 14.657 14.005 13.765 13.528 6.661 3.863 3.744 2.171 5.202 3.017
mean 6.185 3.587 4.941 2.866 5.563 3.226
stdev 0.783 0.454 1.477 0.857 0.488 0.283
CV(%) 12.657 12.657 29.895 29.895 8.779 8.779
Min 5.018 2.910 3.631 2.106 5.119 2.969
Max 6.661 3.863 6.550 3.799 6.146 3.564
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.262 1.261 14.389 14.806 13.765 14.004 4.754 2.757 5.921 3.434 5.337 3.096
2 1.264 1.26 14.561 14.391 13.482 13.435 8.115 4.706 7.280 4.223 7.698 4.465
3 1.256 1.254 14.762 14.823 13.951 13.976 6.005 3.483 6.242 3.620 6.123 3.552
4 1.255 1.262 14.209 14.501 13.492 13.762 5.535 3.210 5.582 3.238 5.558 3.224
mean 6.102 3.539 6.256 3.629 6.179 3.584
stdev 1.438 0.834 0.734 0.426 1.065 0.618
CV(%) 23.559 23.559 11.732 11.732 17.235 17.235
Min 4.754 2.757 5.582 3.238 5.337 3.096
Max 8.115 4.706 7.280 4.223 7.698 4.465
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
NTC 1 1 1.239 1.237 14.176 14.366 13.444 13.628 5.658 3.282 5.621 3.260 5.640 3.271
2 1.267 1.253 14.224 14.099 13.356 13.259 6.699 3.885 6.539 3.793 6.619 3.839
3 1.251 1.245 14.647 14.08 13.736 13.181 6.801 3.944 7.004 4.062 6.902 4.003
4 1.247 1.249 14.093 14.509 13.225 13.649 6.757 3.919 6.486 3.762 6.621 3.840
mean 6.479 3.758 6.413 3.719 6.446 3.738
stdev 0.549 0.318 0.577 0.334 0.554 0.321
CV(%) 8.467 8.467 8.994 8.994 8.588 8.588
Min 5.658 3.282 5.621 3.260 5.640 3.271
Max 6.801 3.944 7.004 4.062 6.902 4.003
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.247 1.245 15.857 14.243 15.17 13.639 4.702 2.727 4.647 2.695 4.675 2.711
2 1.246 1.248 14.225 14.131 13.668 13.591 4.292 2.489 4.192 2.431 4.242 2.460
3 1.248 1.248 14.837 15.495 14.333 14.981 3.709 2.151 3.608 2.093 3.658 2.122
4 1.251 1.248 14.508 14.573 13.898 13.984 4.601 2.669 4.420 2.564 4.511 2.616
mean 4.326 2.509 4.217 2.446 4.271 2.477
stdev 0.447 0.259 0.446 0.259 0.446 0.259
CV(%) 10.333 10.333 10.587 10.587 10.440 10.440
Min 3.709 2.151 3.608 2.093 3.658 2.122
Max 4.702 2.727 4.647 2.695 4.675 2.711
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
NTD 1 1 1.226 1.234 15.212 14.232 14.213 13.347 7.143 4.143 6.809 3.949 6.976 4.046
2 1.237 1.237 14.237 14.224 13.286 13.294 7.315 4.243 7.161 4.153 7.238 4.198
3 1.239 1.235 14.646 14.263 13.693 13.321 7.108 4.123 7.231 4.194 7.169 4.158
4 1.231 1.231 14.209 14.223 13.709 13.723 3.853 2.235 3.849 2.232 3.851 2.233
mean 6.355 3.686 6.262 3.632 6.308 3.659
stdev 1.671 0.969 1.620 0.939 1.642 0.953
CV(%) 26.288 26.288 25.864 25.864 26.034 26.034
Min 3.853 2.235 3.849 2.232 3.851 2.233
Max 7.315 4.243 7.231 4.194 7.238 4.198
% (OM) Rep 1 % (SOC) Rep 1 % (OM) Rep 2 % (SOC) Rep 2 Avg. (OM 1) & (OM 2)AVG. (SOC 1) & (SOC 2)
2 1 1.231 1.235 14.883 14.649 14.315 14.068 4.161 2.413 4.331 2.512 4.246 2.463
2 1.236 1.235 14.128 14.024 13.488 13.411 4.964 2.879 4.793 2.780 4.879 2.830
3 1.232 1.235 14.255 14.286 13.505 13.547 5.759 3.340 5.662 3.284 5.711 3.312
4 1.231 1.231 14.245 14.443 13.861 14.067 2.951 1.711 2.846 1.651 2.898 1.681
mean 4.459 2.586 4.408 2.557 4.433 2.571
stdev 1.199 0.695 1.179 0.684 1.186 0.688
CV(%) 26.882 26.882 26.739 26.739 26.757 26.757
Min 2.951 1.711 2.846 1.651 2.898 1.681
Max 5.759 3.340 5.662 3.284 5.711 3.312
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GLA 1 1 200.929 67.794 68.717 55.617 2.784 7.341 33.740 34.200 27.680 1.386 3.654
2 198.103 80.606 46.936 46.148 5.662 17.853 40.689 23.693 23.295 2.858 9.012
3 200.013 80.837 53.834 52.085 3.065 8.683 40.416 26.915 26.041 1.532 4.341
4 202.647 82.917 59.041 51.168 2.43 5.881 40.917 29.135 25.250 1.199 2.902
mean mean 38.941 28.486 25.566 1.744 4.977
stdev stdev 3.473 4.416 1.821 0.755 2.753
CV(%) CV(%) 8.918 15.503 7.124 43.313 55.318
Min Min 33.740 23.693 23.295 1.199 2.902
Max Max 40.917 34.200 27.680 2.858 9.012
2 1 206.805 95.487 50.555 49.367 2.291 6.965 46.172 24.446 23.871 1.108 3.368
2 205.738 105.999 45.346 45.256 2.523 6.093 51.521 22.041 21.997 1.226 2.962
3 201.018 86.912 57.704 47.592 2.997 6.917 43.236 28.706 23.675 1.491 3.441
4 201.698 92.46 51.459 49.378 2.093 6.44 45.841 25.513 24.481 1.038 3.193
mean mean 46.693 25.176 23.506 1.216 3.241
stdev stdev 3.477 2.765 1.063 0.199 0.213
CV(%) CV(%) 7.446 10.983 4.523 16.396 6.582
Min Min 43.236 22.041 21.997 1.038 2.962
Max Max 51.521 28.706 24.481 1.491 3.441
GLB 1 1 204.737 99.235 49.356 40.251 1.528 6.432 48.469 24.107 19.660 0.746 3.142
2 200.396 76.644 40.222 55.667 6.481 17.878 38.246 20.071 27.778 3.234 8.921
3 201.698 72.812 45.158 65.116 5.444 11.217 36.100 22.389 32.284 2.699 5.561
4 201.769 67.666 65.59 54.615 2.144 7.323 33.536 32.507 27.068 1.063 3.629
mean mean 39.088 24.769 26.698 1.936 5.313
stdev stdev 6.544 5.418 5.229 1.217 2.622
CV(%) CV(%) 16.742 21.873 19.588 62.893 49.355
Min Min 33.536 20.071 19.660 0.746 3.142
Max Max 48.469 32.507 32.284 3.234 8.921
2 1 203.822 81.286 57.827 48.391 3.416 11.084 39.881 28.371 23.742 1.676 5.438
2 203.959 64.925 56.357 65.371 4.266 12.455 31.832 27.632 32.051 2.092 6.107
3 202.445 68.625 60.096 63.664 2.621 7.034 33.898 29.685 31.448 1.295 3.475
4 201.706 66.612 60.428 60.768 3.216 8.925 33.024 29.958 30.127 1.594 4.425
mean mean 34.659 28.912 29.342 1.664 4.861
stdev stdev 3.583 1.099 3.819 0.329 1.154
CV(%) CV(%) 10.337 3.802 13.015 19.755 23.746
Min Min 31.832 27.632 23.742 1.295 3.475
Max Max 39.881 29.958 32.051 2.092 6.107
GLC 1 1 204.46 66.588 40.747 50.374 8.407 34.992 32.568 19.929 24.638 4.112 17.114
2 200.306 85.964 34.358 49.312 7.259 20.561 42.916 17.153 24.618 3.624 10.265
3 186.789 70.225 33.898 58.163 7.432 15.71 37.596 18.148 31.138 3.979 8.411
4 201.519 57.492 41.982 67.915 9.369 23.587 28.529 20.833 33.702 4.649 11.705
mean 35.402 19.016 28.524 4.091 11.874
stdev 6.233 1.669 4.619 0.425 3.745
CV(%) 17.606 8.779 16.193 10.397 31.541
Min 28.529 17.153 24.618 3.624 8.411
Max 42.916 20.833 33.702 4.649 17.114
2 1 202.101 65.088 33.441 62.617 9.216 30.516 mean 32.206 16.547 30.983 4.560 15.099
2 202.601 75.705 46.601 61.395 5.409 12.735 stdev 37.367 23.001 30.303 2.670 6.286
3 201.296 68.739 28.839 58.858 11.131 32.793 CV(%) 34.148 14.327 29.240 5.530 16.291
4 203.591 54.143 51.909 63.472 7.342 25.885 Min 26.594 25.497 31.176 3.606 12.714
mean Max 32.579 19.843 30.426 4.091 12.598
stdev 4.522 5.267 0.875 1.231 4.463
CV(%) 13.880 26.545 2.875 30.082 35.427
Min 26.594 14.327 29.240 2.670 6.286
Max 37.367 25.497 31.176 5.530 16.291
GLD 1 1 173.352 63.561 30.624 47.055 7.651 23.331 mean 36.666 17.666 27.144 4.414 13.459
2 202.641 40.139 44.526 69.999 12.524 34.802 stdev 19.808 21.973 34.543 6.180 17.174
3 200.157 67.097 38.647 62.542 9.065 22.166 CV(%) 33.522 19.308 31.246 4.529 11.074
4 200.528 60.501 43.855 69.376 8.835 17.237 Min 30.171 21.870 34.597 4.406 8.596
mean Max 30.042 20.204 31.883 4.882 12.576
stdev 7.320 2.094 3.526 0.867 3.652
CV(%) 24.366 10.362 11.060 17.764 29.043
Min 19.808 17.666 27.144 4.406 8.596
Max 36.666 21.973 34.597 6.180 17.174
2 1 208.894 89.015 45.825 55.131 4.019 14.243 42.613 21.937 26.392 1.924 6.818
2 200.797 84.559 40.891 55.514 4.522 15.085 42.112 20.364 27.647 2.252 7.513
3 206.882 80.139 41.099 60.882 6.845 17.669 38.737 19.866 29.428 3.309 8.541
4 201.173 77.387 49.282 57.401 4.531 11.725 38.468 24.497 28.533 2.252 5.828
mean 40.482 21.666 28.000 2.434 7.175
stdev 2.183 2.084 1.296 0.603 1.143
CV(%) 5.393 9.617 4.627 24.777 15.931
Min 38.468 19.866 26.392 1.924 5.828
Max 42.613 24.497 29.428 3.309 8.541
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FA 1 1 211.167 71.748 47.826 57.801 8.034 25.103 33.977 22.648 27.372 3.805 11.888
2 201.324 33.517 35.417 66.819 16.805 48.117 16.648 17.592 33.190 8.347 23.900
3 216.62 68.082 40.631 54.521 14.965 29.717 31.429 18.757 25.169 6.908 13.718
4 208.89 73.06 48.067 51.953 7.311 27.784 34.975 23.011 24.871 3.500 13.301
mean 29.257 20.502 27.650 5.640 15.702
stdev 8.538 2.733 3.858 2.373 5.521
CV(%) 29.181 13.332 13.952 42.066 35.165
Min 16.648 17.592 24.871 3.500 11.888
Max 34.975 23.011 33.190 8.347 23.900
2 1 212.353 69.518 44.7 47.491 7.093 42.983 32.737 21.050 22.364 3.340 20.241
2 204.897 57.571 39.232 56.509 10.916 40.413 28.098 19.147 27.579 5.328 19.724
3 211.273 120.326 38.413 38.56 2.705 9.752 56.953 18.182 18.251 1.280 4.616
4 203.555 109.736 42.251 28.951 3.368 18.709 53.910 20.757 14.223 1.655 9.191
mean 42.924 19.784 20.604 2.901 13.443
stdev 14.618 1.357 5.716 1.849 7.782
CV(%) 34.056 6.857 27.740 63.759 57.886
Min 28.098 18.182 14.223 1.280 4.616
Max 56.953 21.050 27.579 5.328 20.241
FB 1 1 203.157 57.657 46.448 62.747 8.503 27.089 28.381 22.863 30.886 4.185 13.334
2 206.25 78.376 43.894 32.93 5.627 24.544 38.000 21.282 15.966 2.728 11.900
3 212.564 110.704 50.271 34.242 2.348 14.246 52.080 23.650 16.109 1.105 6.702
4 210.718 71.44 53.262 59.096 6.034 20.132 33.903 25.276 28.045 2.864 9.554
mean 38.091 23.268 22.752 2.720 10.373
stdev 10.125 1.662 7.839 1.262 2.901
CV(%) 26.581 7.143 34.455 46.388 27.968
Min 28.381 21.282 15.966 1.105 6.702
Max 52.080 25.276 30.886 4.185 13.334
2 1 207.392 78.223 56.782 51.156 3.228 17.461 37.717 27.379 24.666 1.556 8.419
2 204.687 91.481 49.832 47.099 3.143 13.066 44.693 24.345 23.010 1.536 6.383
3 216.197 95.071 60.801 45.801 2.071 12.421 43.974 28.123 21.185 0.958 5.745
4 204.825 65.097 44.993 60.346 8.786 25.411 31.782 21.967 29.462 4.290 12.406
mean 39.542 25.454 24.581 2.085 8.239
stdev 6.048 2.841 3.551 1.496 3.003
CV(%) 15.295 11.163 14.447 71.742 36.455
Min 31.782 21.967 21.185 0.958 5.745
Max 44.693 28.123 29.462 4.290 12.406
FC 1 1 200.927 82.006 42.678 48.96 6.512 20.27 40.814 21.241 24.367 3.241 10.088
2 205.444 55.594 41.558 62.924 10.613 33.731 27.060 20.228 30.628 5.166 16.419
3 217.096 104.152 53.224 46.344 3.192 8.784 47.975 24.516 21.347 1.470 4.046
4 206.811 54.179 47.486 66.943 11.864 26.003 26.197 22.961 32.369 5.737 12.573
mean 35.512 22.237 27.178 3.903 10.782
stdev 10.671 1.893 5.188 1.942 5.191
CV(%) 30.050 8.512 19.090 49.749 48.145
Min 26.197 20.228 21.347 1.470 4.046
Max 47.975 24.516 32.369 5.737 16.419
2 1 209.962 75.21 53.418 60.772 6.202 14.14 35.821 25.442 28.944 2.954 6.735
2 210.687 54.179 46.849 64.596 10.55 34.409 25.715 22.236 30.660 5.007 16.332
3 208.869 115.141 51.848 34.118 1.649 5.993 55.126 24.823 16.335 0.789 2.869
4 210.323 105.824 51.077 37.252 2.716 12.838 50.315 24.285 17.712 1.291 6.104
mean 41.744 24.197 23.413 2.511 8.010
stdev 13.473 1.390 7.432 1.904 5.801
CV(%) 32.274 5.743 31.745 75.854 72.417
Min 25.715 22.236 16.335 0.789 2.869
Max 55.126 25.442 30.660 5.007 16.332
FD 1 1 207.033 82.805 49.781 48.148 6.242 20.084 39.996 24.045 23.256 3.015 9.701
2 212.236 92.441 42.295 47.527 6.334 23.267 43.556 19.928 22.393 2.984 10.963
3 197.43 49.522 40.385 59.052 11.739 33.854 25.083 20.455 29.910 5.946 17.147
4 203.543 48.987 37.369 66.196 12.317 37.983 24.067 18.359 32.522 6.051 18.661
mean 33.176 20.697 27.020 4.499 14.118
stdev 10.045 2.403 4.973 1.732 4.445
CV(%) 30.279 11.610 18.405 38.496 31.487
Min 24.067 18.359 22.393 2.984 9.701
Max 43.556 24.045 32.522 6.051 18.661
2 1 214.542 99.563 54.999 46.995 3.294 8.009 46.407 25.636 21.905 1.535 3.733
2 208.232 79.93 48.815 51.769 6.216 21.248 38.385 23.443 24.861 2.985 10.204
3 210.882 53.947 49.164 65.532 10.183 32.077 25.582 23.314 31.075 4.829 15.211
4 207.511 98.147 47.897 39.279 5.398 15.915 47.297 23.082 18.929 2.601 7.669
mean 39.418 23.868 24.192 2.988 9.204
stdev 10.057 1.188 5.188 1.372 4.809
CV(%) 25.514 4.975 21.447 45.926 52.243
Min 25.582 23.082 18.929 1.535 3.733
Max 47.297 25.636 31.075 4.829 15.211
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CTA 1 1 214.198 107.868 49.738 35.701 3.225 15.663 50.359 23.221 16.667 1.506 7.312
2 209.376 81.554 45.762 50.545 5.091 25.502 38.951 21.856 24.141 2.432 12.180
3 207.585 66.971 45.822 57.673 8.003 27.109 32.262 22.074 27.783 3.855 13.059
4 214.901 73.581 51.035 55.794 7.813 25.63 34.239 23.748 25.963 3.636 11.926
mean 38.953 22.725 23.638 2.857 11.120
stdev 8.105 0.908 4.879 1.097 2.584
CV(%) 20.808 3.994 20.642 38.396 23.239
Min 32.262 21.856 16.667 1.506 7.312
Max 50.359 23.748 27.783 3.855 13.059
2 1 206.42 61.992 52.152 69.531 6.461 15.528 30.032 25.265 33.684 3.130 7.523
2 207.228 66.502 56.823 62.04 4.334 17.086 32.091 27.421 29.938 2.091 8.245
3 217.883 79.75 59.179 61.229 3.564 13.829 36.602 27.161 28.102 1.636 6.347
4 214.29 91.387 55.817 49.78 2.872 14.034 42.646 26.047 23.230 1.340 6.549
mean 35.343 26.473 28.739 2.049 7.166
stdev 5.589 1.002 4.345 0.784 0.884
CV(%) 15.813 3.785 15.120 38.251 12.332
Min 30.032 25.265 23.230 1.340 6.347
Max 42.646 27.421 33.684 3.130 8.245
CTB 1 1 214.828 92.383 46.302 39.842 5.143 30.689 43.003 21.553 18.546 2.394 14.285
2 211.708 96.223 55.601 37.466 2.643 19.364 45.451 26.263 17.697 1.248 9.147
3 203.797 75.288 43.501 49.402 7.289 28.052 36.943 21.345 24.241 3.577 13.765
4 209.337 89.231 51.416 48.265 2.783 16.989 42.626 24.561 23.056 1.329 8.116
mean 42.006 23.431 20.885 2.137 11.328
stdev 3.600 2.393 3.246 1.092 3.150
CV(%) 8.571 10.212 15.542 51.117 27.804
Min 36.943 21.345 17.697 1.248 8.116
Max 45.451 26.263 24.241 3.577 14.285
2 1 213.272 83.982 50.284 52.238 4.76 21.258 39.378 23.577 24.494 2.232 9.968
2 214.868 98.89 62.993 37.712 1.431 13.295 46.024 29.317 17.551 0.666 6.188
3 205.298 76.68 56.541 48.865 3.443 19.171 37.351 27.541 23.802 1.677 9.338
4 207.378 70.849 45.14 49.831 6.579 34.171 34.164 21.767 24.029 3.172 16.478
mean 39.229 25.551 22.469 1.937 10.493
stdev 5.012 3.481 3.291 1.048 4.319
CV(%) 12.777 13.625 14.647 54.120 41.162
Min 34.164 21.767 17.551 0.666 6.188
Max 46.024 29.317 24.494 3.172 16.478
CTC 1 1 211.406 99.252 41.784 53.933 4.523 11.938 46.949 19.765 25.512 2.139 5.647
2 212.451 101.133 41.739 52.557 4.873 12.019 47.603 19.646 24.738 2.294 5.657
3 204.661 90.224 47.763 51.589 3.547 11.547 44.085 23.338 25.207 1.733 5.642
4 207.295 95.809 50.917 48.233 3.802 8.446 46.219 24.563 23.268 1.834 4.074
mean 46.214 21.828 24.681 2.000 5.255
stdev 1.528 2.502 0.994 0.261 0.787
CV(%) 3.306 11.460 4.029 13.053 14.980
Min 44.085 19.646 23.268 1.733 4.074
Max 47.603 24.563 25.512 2.294 5.657
2 1 213.421 101.693 57.33 47.34 1.581 6.018 47.649 26.862 22.182 0.741 2.820
2 211.113 89.982 47.559 59.174 5.095 8.626 42.623 22.528 28.030 2.413 4.086
3 205.374 84.168 55.635 56.502 2.525 7.353 40.983 27.090 27.512 1.229 3.580
4 210.73 112.501 49.056 45.407 1.897 3.351 53.386 23.279 21.547 0.900 1.590
mean 46.160 24.940 24.818 1.321 3.019
stdev 5.590 2.373 3.426 0.756 1.085
CV(%) 12.111 9.515 13.806 57.245 35.954
Min 40.983 22.528 21.547 0.741 1.590
Max 53.386 27.090 28.030 2.413 4.086
CTD 1 1 204.447 84.48 43.986 50.749 6.566 22.212 41.321 21.515 24.823 3.212 10.864
2 212.055 76.464 42.831 57.363 8.634 26.705 36.059 20.198 27.051 4.072 12.593
3 205.014 87.596 40.495 52.43 5.176 19.497 42.727 19.752 25.574 2.525 9.510
4 213.417 87.593 51.804 51.246 4.566 18.354 41.043 24.274 24.012 2.139 8.600
mean 40.287 21.435 25.365 2.987 10.392
stdev 2.914 2.035 1.292 0.848 1.738
CV(%) 7.233 9.495 5.095 28.401 16.721
Min 36.059 19.752 24.012 2.139 8.600
Max 42.727 24.274 27.051 4.072 12.593
2 1 209.896 92.866 58.651 48.834 1.857 8.329 44.244 27.943 23.266 0.885 3.968
2 206.481 92.247 51.74 47.999 2.665 11.836 44.676 25.058 23.246 1.291 5.732
3 204.161 86.981 48.909 54.753 2.669 11.252 42.604 23.956 26.819 1.307 5.511
4 213.712 99.384 58.852 55.554 2.108 9.244 46.504 27.538 25.995 0.986 4.325
mean 44.507 26.124 24.831 1.117 4.884
stdev 1.603 1.927 1.850 0.214 0.869
CV(%) 3.601 7.378 7.450 19.154 17.785
Min 42.604 23.956 23.246 0.885 3.968
Max 46.504 27.943 26.819 1.307 5.732
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NTA 1 1 204.197 69.625 41.142 51.281 7.707 33.376 34.097 20.148 25.113 3.774 16.345
2 208.301 56.722 45.692 58.169 9.95 35.898 27.231 21.936 27.925 4.777 17.234
3 211.928 60.423 52.778 58.313 9.327 28.395 28.511 24.904 27.515 4.401 13.398
4 215.493 52.369 40.961 61.065 13.891 43.614 24.302 19.008 28.337 6.446 20.239
mean 28.535 21.499 27.223 4.850 16.804
stdev 4.105 2.570 1.446 1.142 2.816
CV(%) 14.386 11.953 5.311 23.546 16.759
Min 24.302 19.008 25.113 3.774 13.398
Max 34.097 24.904 28.337 6.446 20.239
2 1 211.274 71.443 47.15 62.268 5.55 23.887 33.815 22.317 29.473 2.627 11.306
2 206.11 94.004 45.651 44.145 3.279 17.063 45.609 22.149 21.418 1.591 8.279
3 210.918 78.098 46.863 61.553 4.581 18.923 37.028 22.219 29.183 2.172 8.972
4 210.706 39.994 40.585 83.251 13.71 31.676 18.981 19.261 39.511 6.507 15.033
mean 33.858 21.486 29.896 3.224 10.897
stdev 11.097 1.485 7.416 2.229 3.046
CV(%) 32.776 6.911 24.806 69.138 27.954
Min 18.981 19.261 21.418 1.591 8.279
Max 45.609 22.317 39.511 6.507 15.033
NTB 1 1 211.348 80.896 46.481 53.195 6.076 20.552 38.276 21.993 25.169 2.875 9.724
2 208.319 88.376 47.747 40.238 6.021 22.001 42.423 22.920 19.316 2.890 10.561
3 211.831 74.169 48.263 54.212 6.314 25.805 35.013 22.784 25.592 2.981 12.182
4 211.777 70.246 46.394 49.072 7.769 33.06 33.170 21.907 23.172 3.668 15.611
mean 37.221 22.401 23.312 3.104 12.020
stdev 4.061 0.525 2.866 0.379 2.602
CV(%) 10.909 2.344 12.294 12.227 21.652
Min 33.170 21.907 19.316 2.875 9.724
Max 42.423 22.920 25.592 3.668 15.611
2 1 204.739 99.29 53.883 37.846 1.611 10.616 48.496 26.318 18.485 0.787 5.185
2 203.576 74.153 51.32 55.946 5.065 15.295 36.425 25.209 27.482 2.488 7.513
3 205.302 70.524 53.859 56.713 4.201 17.902 34.351 26.234 27.624 2.046 8.720
4 204.494 75.533 52.591 55.082 8.331 13.982 36.937 25.718 26.936 4.074 6.837
mean 39.052 25.870 25.132 2.349 7.064
stdev 6.394 0.514 4.441 1.357 1.475
CV(%) 16.374 1.987 17.671 57.788 20.878
Min 34.351 25.209 18.485 0.787 5.185
Max 48.496 26.318 27.624 4.074 8.720
NTC 1 1 213.396 84.752 47.342 52.697 4.538 17.595 39.716 22.185 24.694 2.127 8.245
2 212.412 87.281 50.231 48.554 2.975 16.798 41.090 23.648 22.858 1.401 7.908
3 206.752 84.155 51.093 56.518 5.384 15.852 40.703 24.712 27.336 2.604 7.667
4 206.01 73.979 56.674 57.923 5.627 19.015 35.910 27.510 28.117 2.731 9.230
mean 39.355 24.514 25.751 2.216 8.263
stdev 2.368 2.250 2.422 0.603 0.687
CV(%) 6.018 9.180 9.404 27.195 8.316
Min 35.910 22.185 22.858 1.401 7.667
Max 41.090 27.510 28.117 2.731 9.230
2 1 209.667 78.164 57.529 58.125 4.245 12.756 37.280 27.438 27.723 2.025 6.084
2 211.554 102.067 63.804 35.939 1.209 10.04 48.246 30.160 16.988 0.571 4.746
3 206.705 78.537 68.521 58.708 3.741 8.301 37.995 33.149 28.402 1.810 4.016
4 203.218 90.441 53.216 46.522 1.779 11.265 44.504 26.187 22.893 0.875 5.543
mean 42.006 29.233 24.001 1.320 5.097
stdev 5.279 3.093 5.280 0.706 0.907
CV(%) 12.568 10.580 21.998 53.454 17.785
Min 37.280 26.187 16.988 0.571 4.016
Max 48.246 33.149 28.402 2.025 6.084
NTD 1 1 215.109 88.041 63.072 45.319 3.279 14.929 40.929 29.321 21.068 1.524 6.940
2 208.429 69.845 54.418 61.957 6.253 15.988 33.510 26.109 29.726 3.000 7.671
3 213.934 58.264 59.68 61.78 7.895 26.266 27.235 27.896 28.878 3.690 12.278
4 204.839 77.47 58.911 50.307 3.881 14.253 37.820 28.760 24.559 1.895 6.958
mean 34.873 28.021 26.058 2.527 8.462
stdev 5.932 1.403 4.023 0.997 2.567
CV(%) 17.009 5.008 15.439 39.451 30.332
Min 27.235 26.109 21.068 1.524 6.940
Max 40.929 29.321 29.726 3.690 12.278
2 1 211.123 77.755 63.734 55.254 3.363 11.427 36.829 30.188 26.171 1.593 5.412
2 205.621 63.373 61.617 64.657 4.793 12.618 30.820 29.966 31.445 2.331 6.137
3 206.145 78.512 61.542 59.255 2.001 6.599 38.086 29.854 28.744 0.971 3.201
4 212.414 79.528 67.525 54.897 3.201 9.19 37.440 31.789 25.844 1.507 4.326
mean 35.794 30.449 28.051 1.600 4.769
stdev 3.355 0.904 2.608 0.559 1.283
CV(%) 9.374 2.969 9.296 34.960 26.902
Min 30.820 29.854 25.844 0.971 3.201
Max 38.086 31.789 31.445 2.331 6.137
